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(54)TIUe: CELL SIGNALING INHmiTORS 
(57) Abstract 

Thcrmeatic compounds, having at least one aldehyde or ketone-substituted side chain have the formula: CORE MOIETY — (R)j, 
fachidfaig resolved enantiomers and/or diasteieomeis, hydrates, salts, solvates and mixnro thor^ j U an ta^egar from oiie to three; fee 
core moiety is non-ordic ot cy«^ and R may be selected from die groi^ consisting of hydrogen, halogen, hydroxy, ammo, substituted 
or unsuhstituted Qi-io) alkyU Co-io) aUcei^ cycUc or heterocyclic groups, and formula (D: — (CH2)n — C — (RiV At 1^ one R has 
formula (I) and n^ IS ini4er fe^ dnee to 

liydroxyl. subsdmted or unsabsthmed Qi.ia> alkyU Qmo) alkoxyl. Ccwo) aDcenyl. p yi^c or heterocyclic group. -0> Kafa>rC(RA^w 
s U zero or an intMer fom one to lea, t is two or throe. Ra is hydrogen, hal^^ 

ether Qa-im aDoSu cyclic or heterocyclic group, or -O), At least one Ri or one Ri is -a, and a second Ri or second Ra, bowled to d» 

are us^as therapies for diseases advanced via intraccUnlar signaling duougb specific hitracellular signahng pathways by mediatmg a 
signaling re^Ksnse to an extexnal itinmlL 
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CELL SIGNALING INHIBITORS 

Technical FielJof the I nvention 

S The invention provides a group Of compounds that are effective agents to inhibit 

specific cellular signaling events often induced by inflanunatoiy stimuli, or to be directly or 
indirectly antimicrobial to yeast or fungal infections. More specifically, the inventive 
compounds have at least one aldehyde or ketone-substituted chain bonded to a core moiety. The 
inventive compounds are useful in treating or preventing a variety of diseases, wherein the 

1 0 disease is characterized by or can be treated by inhibiting an immune response or a cellular 
response to external or in situ primaiy stimuli. 

pa y^ground of the Invention 

Pentoxifylline (l-(5-oxohexyl)-3,7-dimethylxanthine), abbreviated PTX, is a 

1 5 xanthine derivative which has seen widespread medical use for the increase of blood flow. PTX 
is disclosed in U.S. Patents Nos. 3,422,107 and 3.737,433. both to Mohler et al. Metabolites of 
PTX were summarized in Davis et al.. Applied Environment Microbiol. 48:327, 1984. A 
metabolite of PTX is l-(5-hydroxyhexyl)-3,7-dimethybcanthine, designated Ml. Ml was also 
disclosed as increasing ceiebial blood flow in U.S. Patents Nos. 4,515.795 and 4,576,947 to 

20 Hinze et al. Another metaboUte. 1 -(5-oxohexyl)-3-methylxanthine, designated M6. was 

disclosed by Biyceetal..^rzn«m.-ForscAjDrug/?es.39(4):512-517, 1989. In addition, U.S. 
Patents Nos. 4,833,146 and 5,039,666 to Gebert et al. and Novick, Jr., respectively, disclose use 
of tertiary alcohol analogs of xanthine for enhancing cerebral blood flow. 

PTX and its known metabolites thereof have been shown to have in vivo activity 

25 in specific biologic systems. U.S. Patent No. 4,636,507 to Krcutzer et al. describes an ability of 
PTX and Ml to further promote chemotaxis in polymorphonuclear leukocytes responding to a 
chemotaxis stimulator. In addtion, PTX and related tertiary alcohol substituted xanthines inhibit 
activity of certain cytokmes to affect chemotaxis (U.S. Patents Nos. 4,965,27 1 and 5,096,906 to 
Mandell et al.). By administrating PTX and GM-CSF, patients undergoing allogeneic bone 

30 mairow transplant exhibited decreased levels of tumor necrosis fiictor, TNF, (Bianco et al., 

Blood 76: Supplement 1 (57 ^ \% 1990). Reduction in assayable levels of TNF was accompanied 
by a reduction in bone marr .v transplant-related complications. However, in normal volunteers, 
TNF levels were higher among PTX recipients. Therefore, elevated levels of TNF are not the 
primary cause of such complications. 

35 Further research with PTX, its metaboUtes and their activity relating to various 

biologic systems spuired investigations with potential therapeutic agents heretofore unknown. 
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These agents were identified as potential therapies for treating or preventing disease by 
inhibiting secondary cellular response to an external or in situ primary stimuli. These 
investigations sought to identify efficacious therapeutic compounds which were safe and 
effective for human or animal administration and maintain cellular homeostasis in the face of a 
variety of inflammatory stimuli. 

Compoimds disclosed herein and discovered in search of potential disease 
treatments which woxild prevent or treat a disease with minimal or no adverse side effects, have 
biologic activity in variotis, predictive assays. The inventive compounds exhibit utility in 
preventing an undesireable cellular response to noxious stimuli. Results from predicitive assays 
indicate that these inventive compoimds have potential as therapies in treating a broad spectrum 
of clinical indications, acting via a variety of disease mechanisms. However, all these 
mechanisms appear to affect the second messenger pathway. Results of this research are the 
subject matter of this disclosure, the compoimds discussed herein having novel structures and 
remarkable and surprising properties heretofore unknown. 

$Mmmary of the Invention 

The invention is directed to aldehyde- or ketone-substituted therapeutic 
compounds, pharmaceutical compositions and uses thereof The inventive aldehyde- or ketone- 
substituted compotmds are useful in a large variety of therapeutic indications for treating or 
preventing disease. In particular, the inventive compounds and pharmaceutical compositions 
thereof provide therapy for diseases characterized or advanced by a variety of cellular responses 
to primary stimuli, the cellular response effected by secondary signaling through specific 
intracellular signaling pathways, more specifically the pathways herein discussed. Treatment 
may mediate a signaling response to an external stimuli. This intracellular signaling is 
characteristic of diseases treatable using the inventive compounds or pharmaceutical 
con^ositions thereof 

The inventive compounds have at least one aldehyde- or ketone-containing side 
chain and are preferably cyclic or heterocyclic compounds. The inventive compounds and 
pharmaceutical compositiotis thereof have the formula: 

CORE MOIETY (R)^ 

including resolved enantiomers and/or diastereomers, hydrates, salts, solvates and mixtures 
thereof, wherein j is an integer from one to three, the core moiety is non-cyclic or cyclic and R 
may be selected from among: hydrogen, halogen (preferably bromine, chlorine, fluorine and 
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iodine), hydroxyl, amino, substituted or unsubstituted C(i.io) alkyl, C(2-io) alkenyl, cyclic or 
heterocyclic groups, and formula I. 

The inventive compoimds have at least one R of the following formula I: 



(CH,) — C— (Rj) 



p 



wherein n is an integer fh)m three to twenty; p is two or three; R\ is selected from among 
hydrogen, halogen, hydroxyl, substituted or unsubstituted C(i.io) alkyl, C(i.io) alkoxyl, C(2. 
10) alkenyl, cyclic or heterocyclic group. =0, -(CH2)s-C(R2)t (wherein s is zero or an integer 
from one to ten, t is two or three, R2 is hydrogen, halogen, hydroxide, substituted or 
unsubstituted C(i.io) alkyl, C(i.io) alkoxyl, 0(2-10) alkenyl, cycUc or heterocyclic group, or 
=0); at least one Rj or one R2 is =0; and a second Ri or second R2, bonded to the same, 
respective -C as the at least one Ri or one R2, is other than =0 or hydroxyl. . 

The invention also provides a pharmaceutical composition. Phamiaceutical 
compositions of the inventive compounds comprise a phannaceutical carrier, dUuent or excipient 
and some amount of an inventive compound. 

The invention provides a mediod for treating an individual having a variety of 
diseases. The disease is characterized by or can be treated by inhibiting an immune response or a 
ceUular response to external or in situ primary stimuli. Indications useful for administering 
compounds of the invention include, but are not limited to: the presence of a tumor burden, a 
hoimone-related disorder, a neurological disorder, an autoimmune disease, inflammation, t 
restenosis, coronary artery disease, atherosclerosis, hypertension, unwanted immune response 
(such as allograft reactions), viral infection, nephritis, mucositis, and various aUergic responses. 
Allergic responses include acute aUergic response and thus rbinoirhea, sinus drainage, diffuse 
tissue edema, and generalized pruritus. As weU as the foUowing. other chronic allergic responses 
include, dizziness, diarrhea, tissue hyperemia, and lacrimal swelling with localized lymphocyte 
infiltration. Allergic reactions arc also associated with leukotriene release and the distal effects 
thereof, including asthmatic symptoms (e.g.. development of airway obstruction, a decrease in 
FEVl. changes in vital capacity, and extensive mucus production). 

Brief Descriip tlff" nf the Drawings 

Figure 1 is a dose response curve prepared from results in a murine thymocyte 
assay determining inhibitive effects of inventive compound no. 1595 (see belqw for chemical 
name and structure) on thymocyte proliferatioiL 

Figure 2 is a dose response curve in the murine thymocyte assay for inventive 

compound no. 25 10. 
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Figures 3, 4, 5 and 6 are plotted graphs of compound concentrations (fiM) for 
compounds nos. 1516, 1526, 1810 and 2594, respectively, versus incoiporated thymidine (cpm) 
in an in vitro mixed lymphocyte (MLR) assay useful in determining biologic activity of the 
compounds. — 

Figure 7 compares results obtained in an assay comparing an effect on nomial 
cells of inventive compounds identified as potential cancer therapies to a known 
chemotherapeutic agent. 

Figure 8 represents experimentally determined effects of inventive compound no. 
2591 on percent adherence of Jurkat cells to TNFa-stimulated human umbilical vein endothelial 
cells (HUVEC). 

Figure 9 corresponds to data obtained for inventive compound no. 2591 on 
adherence of THP-1 cells to TNFa-stimulated HUVEC. 

Figure 10 illustrates an ability of compound no, 2594 to inhibit adherence of 
THP-1 cells to ThJFa-stimulated HUVEC. 

Figures 1 1 and 12 show an ability of inventive compound no. 2591 to itihibit 
THP-1 and neutrophil cell adherence to IL-lp stimulated HUVEC, respectively. 

Figure 13, 14, 15 and 16 report % surface expression of intracelluar adhesion 
molecule (ICAM) or vascular cell adhesion molecule (VCAM) in HUVEC— as a function of 
mean fluorescence intensity— versus concentration of inventive compound. 

Figure 17 reports data obtained in a Balb/3T3 cell proliferation assay, illustrating 
inhibitive effects of the inventive compoimds on proliferation in this system. 

Figure 1 8 illustrates that the inventive an inventive compound tested in the 
Balb/3T3 cell proliferation assay of figure 16 is not cytotoxic to cells used in this assay. 

Figure 19 reports inhibitive results obtained for several inventive compounds in a 
lipo-protein saccharide (LPS>induced TNF release assay using whole human blood 

Figure 20a reports results obtained in a murine tibymocyte proliferation assay for 
comparative compounds l-(5-oxohexyl)-3-methylxanthine (M6) and l-(5-oxohexyl)-3,7- 
dimethylxanthine. 

Figure 20b illustrates results for inventive compound no. 1516 in a murine 
thymocyte assay used in comparing activity of the inventive compounds with comparative 
compoimds represented in figure 20a. 



4 
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p«»»fltlftd Description of the Invention 

The invention provides a genus of compounds which can control cellular behavior 
by a particular phase of a secondary messenger pathway system (Bursten et al., J. Biol. Chem. 
266:20732, 1991).~The second messengers are lipids or phospholipids and use die following 
* 5 abbreviations: 

PE = phosphatidyl ethanolamine 

LPE = lysophosphoethanolamine 

PA = phosphatidic acid 

LPA = lysophosphatidic acid 
10 DAG = diacylglycerol 

LPLD = lysophospholipase-D 

LP AAT = lysophosphatidic acid acyl transferase 

PAPH = phosphatidic acid phosphohydrolase 

PLA2 = phospholipase A2. 
15 PLD = phospholipase D 

PAA = phosphoarachidonic acid 

PC = phosphatidyl choline 

"remodeled" PA, cyclic pathway = PAA, LPA, PA and DAG intermediates 
substituted with l-satuiated, 2-linoleoyl or 1 ,2-dioleoyl, dioleoyl/l ,2-sn-dilinoleoyl at the 

20 indicated sn-1 and sn-2 positions. 

"Classical PI Pathway" = PL DAG, PA intermediates substituted with l-stearoyl, 

2-arachidonoyl fatty acyl side chains. 

"PLD-generated PA" = PE. PC, LPA, PA and DAG intennediates substituted 

with, e.g., 1,2-sn^oleoyl-, 1-alkyU 2-linoleoyl-. and l-alkyU 2-docosahexaenoyl-side chains. 
25 Lysophosphatidic acid transferase (LPAAT) effects the synthesis of phosphatidic 

acid (PA) from lysophosphatidic acid (LPA) by incorporation of an acyl group tcom acyl Co A. 

Hydrolysis of the phosphate moiety by PA phosphohydrolase (PAPH) results in the formation of 

DAG, These aspects of the pathway appear to be activated immediately (within a minute) upon 

stimulation by a primary stimulus (e.g., a cytokine such as IL-1. IL-2 or TNF) acting at a 
30 receptor on a cellular surface. An immediate detectable effect is an elevation of levels of PA 

and DAG. Administration of Ae compounds of the invention reverse this elevation. 

The compounds and pharmaceutical c<uiqK>sitions of the invention include 

inhibitors of subspecies of LPAAT and PAPH enzymes with substrate specificity for 

intermediates with 1,2-diunsaturated and 1-alkyU 2-unsatunited subspecies. One representative 
35 exan^le of such an inhibitor (although not within the genus of inventive compounds) is PTX. 

PTX blocks PAPH in a specific activation pathway that does not involve PI but rather derives 

5 
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from a PA that is largely composed of 1,2-^iunsaturated and 1-alkyU 2-unsaturated subspecies. 
This was shown, for example, by the demonstration that hximan mesangial cells stimulated with 
TNF produce DAG from PI and regenerate PI in the absence and the presence of PTX. In the 
latter system there is no evidence to suggest that PA or DAG are derived ftt>m sources other than 
5 PI, It should be emphasized that the compounds of the invention affect that subset of PAPH and 
LPAAT that relates to substrates with unsaturated fatty acids other than arachidonate in the sn-2 
position, not the housekeeping forms of these enzymes that serve the PI pathway. 

Each membrane phospholipid subclass (e.g., PA, PI, PE, PC and PS) reaches a 
stable content of characteristic fatty acyl side chains due to cyclic remodeling of the plasma 
10 membrane as well as turnover for each subclass. PA is often stable, but present in relatively 
small quantities. PA in resting cells consists mostly of saturated acyl chains, usually consisting 
of myristate, stearate and pabnitate. In resting cells, PC's acyl side chains consist mostly of acyl 
palmitate in the sn-1 position and oleate in the sn-2 position, PE and PI are predominantly 
composed of sn-1 stearate and sn-2 arachidonate. 
15 Due to this characteristic content of acyl groups in the sn-1 and sn-2 positions, the 

origin of any PA species may be deduced from the chemical nature of its acyl groups in the sn-l 
and sn-2 positions. For example, if PA is derived from PC through action of the enzyme PLD, 
the PA will contain the characteristic acyl side chains of PC substrate passed through the second 
messenger pathway. Further, the origin of any 1 ,2 sn-substrate species may be difrerentiated as 
20 to its origin. It is important to know whether or not each phospholipid species passes through a 
PA form prior to hydrolysis to DAG. The lyso-PA that is converted to PA and then to DAG 
may be shown. The complexities of this second messenger pathway can be sorted by suitable 
analyses using fatty acyl side chain chemistry (e.g., by thin layer chromatography, gas-liquid 
chromatography, or high pressure liquid chromatography) of intermediates in cells at various 
25 time points after stimulation of the second messenger pathway. 

In certain mesenchymal ceils, such as neutrophils and rat or human mesangial 
cells, several signaling patiiways may be activated in tandent, simultaneously or both. For 
example, in neutrophils, F-Met-Leu-Phe stimulates formation of PA through the action of PLD, 
followed in time by formation of DAG thiougih PAPH action. Several minutes later, DAG is 
30 generated from PI through the classical phosphoinositide pathway. In many cells, DAG is 
derived from both PA that is remodeled through a cycle whereby PA is sn-2 hydrolyzed by 
PLA2, followed by sn-2 transacylation by LPAAT and PA that is generated in a PLD-pathway 
from either PE or PC or both substrates by PLD. 

The present second messenger pathway involves substrates with unsaturated fatty 
35 acids in the sn-2 position other than arachidonate and those sub-species of PAPH and LPAAT 
that are not involved in normal cellular housekeeping ftmctions that are part of the classical PI 

6 
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pathway. The PAPH and LPAAT enzymes involved in this specific second messenger pathway 
are exquisitely stereo-specific for different acyl side chains and isomeric forms of substrates. 
Therefore, the inventive compounds may preferably be substantially enantiomerically pure. 

PTX"(in vitro) blocks formation of remodeled PA through the PA/DAG pathway 
5 at high PTX concentrations (greater than those that could be achieved in patients without dose- 
limiting side effects) by blocking formation of PA subspecies at LPAAT, Even in the presence 
of PTX, cells continue to form PA through the action of PLD, and DAG is also formed through 
the action of phospholipase C on PC and PI. The latter pathway are not inhibited by the 
inventive compounds or PTX. In PTX-treated cells, DAG derived from remodeled and PLA- 
10 generated PA is diminished (e.g., 1,2-sn-dioleoyl DAG, 1-alkyl, 2-linoleoyl DAG and 1-alkyl, 
2-docosahexaneolyl DAG). Therefore, the inventive compounds inhibit the formation of only a 
certain species of PA and DAG by selectively inhibiting a specific second messenger pathway 
that is only activated in cells by noxious stimuli, but is not used to signal normal cellular 
housekeeping functions. 

15 

Therapeuric T Ises of the Inventive Compounds 

The specific inhibition of the second messenger pathway, as described above and 
activated primarily by various noxious stimuli, suggests that the inventive compounds are useful 
in treating a wide variety of clinical indications, mediated at the cellular level by a common 

20 mechanism of action. Moreover, in vitro and in vivo data presented herein provides predictive 
data that a wide variety of clinical indications, having similar effects on the specific second 
messenger pathway (activated by noxious stimuli and mediated through, for example, 
mflammatory cytokines), may be treated by the invoitive compounds, which specifically inhibit 
the pathway. In fact, the mechanism of action for the inventive compounds explains why tiiese 

25 con^)ounds have multifarious clinical indications. 

Activation of Ac second messoiger pathway is a major mediator of response to 
noxious stimuli and results in cellular signals that lead to, fat example, acute and chronic 
inflammation, immune response and cancer cell growth. Although the inventive compounds 
may desirably inhibit other noxious stimuli not discussed, they most effectively mediate the 

30 above conditions. Signals mediated by the present second messenger pathway inchide, for 

exanq>le, those cellular responses of LPS directty : T ceU activation by antigen; B ceU activation 
by antigen, celluhu- responses to IL-1. mediated throug^i the IL-l Type I receptor (but not the IL- 
1 Type n receptor), and TNF (Type I receptor), growth stimulated by transformations including, 
but not limited to, activated oncogenes {e.g., ras, abU her l-neu and the like), smooth muscle 

35 cell proliferation stimulated by PDGF, b-FGF and IL-1 ; T ceU and B cell growth stimulation by 
IL-2, IL-4 or IL-7 and IL-4 or IL-6, respectively: and more generally, T cell receptor signaling. 

7 
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In vitro, the inventive compounds: (I ) block IL-1 signal transduction through the 
Type 1 receptor as shown, for example, by preventing IL- 1 and IL-1 plus PDGF (platelet 
derived growth factor) induction of proliferation of smooth muscle, endothelial and kidney 
mesengial cells; f2) suppress up-regulation of adhesion molecules as shown, for example by 
blocking VCAM in endothelial cells: (3) inhibit TNF, LPS and IL-1 induced metalloprotwses 
(an inflammation model); (4) block LPS, TNF or IL-l induced metalloprotease and secondary 
cytokine production (for prevention and treatment of septic shock); (5) suppress T cell and B cell 
activation by antigen, for example, IL-2 and IL-4: (6) inhibit mast cell activation by IgE; (7) are 
cytotoxic for transfomied cells and tumor cell lines, yet not for nonnal cells: and (8) block 
signaling by IL-2, IL-4, IL-6 and IL-7 on T and B cells. 

The foregoing in vitro effects give rise to the following in vivo biological effects, 
including, but not limited to: protection and treatment of endotoxic shock and sepsis induced by 
gram positive or gram negative bacteria: inhibition of tumor cell growth: synergistic 
immunosuppression, active in autoimmune diseases and in suppressing allograft reactions: and 
stimulation of hair grow through reversal of an apoptotic process. The inventive compounds are 
most potent when used to prevent and treat septic shock, treat acute and chronic inflammatory 
disease, treat or prevent an autoimmune disease and stimulate hair growth (when applied 
topically). 

The inventive compounds also are useful as an adjuvant to inhibit toxic side 
effects of drugs whose side effects are mediated through the present second messenger pathway. 

Metalloproteases mediate tissue damage such as glomerular diseases of the 
kidney, joint destruction in arthritis, and lung destruction in emphysema, and play a role in 
tumor metastases. Three examples of metalloproteases include a 92 kD type V gelatinase 
induced by TNF, IL-1 and PDGF plus bFGF, a 72 kD type IV coUagenase that is usually 
constitutive and induced by TNF or IL-1. and a stromelysin/PUMP-1 induced by TNF and IL-1. 
The inventive compounds can inhibit TNF or IL-1 induction of the 92 kD type V gelatinase 
inducable metalloprotease. Moreovo*. the inventive compounds can reduce PUMP-1 activity 
induced by 100 U/inl of IL-1. Accordingly, the inventive compounds prevent induction of 
certain metaUoproteases induced by IL-1 or TNF and are not involved with constitutively 
produced proteases {e.g., 72 kD type IV collagenase) involved in nonnal tissue remodeling. 

The inventive compounds inhibit signal transduction mediated through the Type I 
IL-1 receptor, and are therefore considered as IL-1 antagonists. A recent review article entitled 
"The Role of Interleukin-l in Disease" (Dinarello et aL, N. Engl. J. Med. 328. 106. Jan. 14, 
1993) described the role of IL-1 as "an important rapid and direct determinant of disease... In 
septic shock, for example, IL-1 acts directly on the blood vessels to induce vasodilatation 
through the rapid production of platelet activating factor and nitric oxide, whereas in 



8 
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autoimmune disease it acts by stimulating other cells to produce cytokines or enzymes that then 
act on the target tissue." The article describes a group of diseases that are mediated by IL- 1 , 
including sepsis syndrome, rheumatoid arthritis, inflammatory bowel disease, acute and 
myelogenous leukonia, insulin-dependent diabetes mellii: ... atherosclerosis and other diseases 
5 including transplant rejection, graft versus host disease (GVHD), psoriasis, asthma, osteoporosis, x 
periodontal disease, autoimmime thyroiditis, alcoholic hepatitis, premature labor secondary to 
uterine infection and even sleep disorders. Since the inventive compounds inhibit cellular 
signaling through the IL-1 Type I receptor and are IL-1 antagonists, the inventive compounds 
are useful for treating all of the above-mentioned diseases. 

1 0 For example, for sepsis syndrome, the mechanism of IL- 1 -induced shock appears 

to be the ability of IL-1 to increase the plasma concentrations of small mediator molecules such 
as platelet activating factor, prostaglandin and nitric oxide. These substances are potent 
vasodilators and induce shock in laboratory animals. Blocking the action of IL-1 prevents the 
synthesis and release of these mediators. In animals, a single intravenous injection of IL-1 

1 5 decreases mean arterial pressure, lowers systemic vascular resistance, and induces leukopenia 
and thrombocytopenia. In hunums, the intravenous administration of IL-1 also rapidly decreases 
blood pressure and doses of 300 ng or more per kilogram of body weight may cause severe 
hypotension. The therapeutic advantage of blocking the action of IL-1 resides in preventing its 
deleterious biological effects without interfering with the production of molecules that have a - 

20 role in homeostasis. The present mventive compounds address this need, identified by Dinarello 
et al., by inhibiting ceUular signaling only through the IL-1 Type I receptor and not through the 

IL-1 Type II receptor. 

WiA regard to rheumatoid arthritis, Dinarello and Wolff state: "Interleukin- 1 is. 
present in synovial lining and synovial fluid of patients with rheumatoid arthritis, and explants of 

25 synovial tissue from such patients produce IL-1 in vitro. Intraarticular injections of interleukin- 1 
induce leukocyte iniiltiation, cartilage breakdown, and periarticular bone remodeling in animals. 
In isolated cartilage and bone ceUs in vitro, interleukin- 1 triggers tiie expression of genes for 
collagenases as well as phospholipases and cydooxygenase, and blocking its action reduces 
bacterial-cell-wall-induced arthritis in rats." Therefore, the inventive con^unds, as IL-1 

30 antagonists, are useful to treat and prevent xfaeunuttoid arthritis. 

Witii regard to inflammatoiy bowel disease, ulcerative colitis and Crohn's disease 
are characterized by infUtrative lesions of the bowel tiiat contain activated neutrophils and 
macrophages. IL-1 can stimulate production of inflammatory eioosanoids such as prostaglandin 
E2 (PGE2), leukotriene B4 (LTB4) and IL-8, an inflanunatory cytokine witii neutrophil- 

35 chemoattractant and neutix>phil-stimulating properties. Tissue concentiations of PGE2 and 
LTB4 correlate to severity of disease in patients with ulcerative colitis, patients with 
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mflanmiatoxy bowel disease having high tissue concentrations of IL-1 and IL-8. Therefore, an 
IL-1 antagonist, such as the inventive compounds, would be effective to treat inflammatoiy 
bowel disease. 

With regard to acute and chronic myelogenous leukemia, there is increasing 
evidence that IL-1 acts as a growth factor for such tumor cells. Therefore, the inventive 
compounds should be effective to prevent the growth of worsening of disease for acute and 
chronic myelogenous leukemias. 

Insulin-dependent diabetes mellitus (IDDM) is considered to be an autoimmune 
disease with destruction of beta cells in the islets of Langerhans, mediated by immunocompetent 
cells. Islets of animals with spontaneously occuiring IDDM (e.g., BB rats or NOD mice) have 
inflanmiatoiy cells that contain IL-1 . Therefore, the inventive compounds should be useful for 
the preventing and treating IDDM. 

IL-1 also plays a role in atherosclerosis development. Endothelial cells are a 
target of IL-1. IL-1 stimulates proliferation of vascular smooth muscle cells. Foam cells, 
isolated from fatty arterial plaques from hypercholesterolemic rabbits, contain IL-lp and IL-ip 
messenger RNA. The uptake of peripheral blood monocytes results in initiation of IL-1 
production by these cells. IL-1 also stimulates production of PDGF. Taken together, IL-1 plays 
a part in the development of atherosclerotic lesions. Therefore, an IL-1 antagonist such as the 
inventive compounds should be useful in preventing and treating atheiosclerosis. 

IL-1 activates (through the Type I IL-1 receptor) a lyso-PA acyltransferase 
(LPAAT) and phosphatidate phosphohydrolase within 5 seconds of cell (for example, human 
mesangial cells, HMC) exposure to this cytokine. As discussed in detail above, activation of 
both enzymes results in production of PA species with sn-1 and sn-2 unsaturated acyl gtoiqjs, 
with the majority of sn-2 acyl chains being polyunsaturated. Both IL-1 and a product of 
LPAAT, l^-sn-dilinole(^l PA, activate a signaling pathway involving hydrolysis of PE to PA. 
This reaction is followed by dephosphorylation of PA to produce both 1,2-sn-diacylglycerol, and 
1-o-alkyl, or l^lkenyUcylglycerol (AAG) species. The inventive compounds exert their 
activity by inhibiting one or both enzymes at an inner leaflet of the plasma membrane. 
Therefore, appropriate in vitro models for drug activity may measure inhibition of stimulation 
caused by a proinflammatory cytokine or other inflammatory cellular signal. 

The generation of the sn-2 unsaturated PA fraction by LPAAT serves to activate 
either G-proteins, or acts directly upon PLD through alteration of its lipid micrx>environment. 
Activation of LPAAT and generation of the sn-2-unsaturated PA species is an eneigy sensitive 
pathway of PLD. This provides a mechanism for a limited-receptor system to zanplify a signal 
and generate a cellular refuse by rapid synthesis of small amounts of PA. Uptake of di- 
unsaturated PA, which is less tiian about 0.1% of total membrane lipid mass, is sufficient to 
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activate PLD activity. This quantity of PA is similar to that endogeneously synthesized by 
LPAAT. The PA-stimulated PLD acts upon PE, which should be localized to the inner leaflet of 
the cell membrane, enriched in PE relative to the outer leaflet. Therefore, the cellular 
inflammatory response to IL-l is mediated by the pathway: IL-IR — ► PA — ? PLD) — ► PE. 
5 Whereas a localized tissue respionse is: lysoPA PI-> PKC -> (PLD) PC. The PLD species , 
are likely to be different isozymes. The second messenger pathway whose activation is inhibited 
by the inventive compoimds is not a Pl-derived pathway and does not involve PKC in the time 
courses of inhibition. PKC is acutely activated by Pl-derived DAG, but chronic activation 
> 30 minutes) is maintained by PC-derived PA generated by PC-directed PLD. Therefore, the 

10 pathway inhibited by the inventive compounds is PE-directed and not PC-directed. Moreover, 
the PE-directed PLD favors substrates with sn-2 long-chain xmsaturation, 

DAG and PA are upregulated in oncogenically transformed cells. For example, 
activating ras mutations result in increased generation of DAG upon stimulation with mitogens, 
although the sources of DAG differ between experimental systems. In nontransfomied renal 

15 mesangial cells, IL-ip stimulation increased PLA2 and LPAAT activation, resulting in 
generation of sn-2 unsaturated PA and subsequent hydrolysis to DAG by phosphatidate 
phosphohydrolase. The ras transformation in NIH/3T3 cells upregulates serum-stimulated 
generation of DAG and PA. Particular species of DAG that is stimulated by serum is dioleoyl 
andof PAare dilinoleoyl anddioleoyl. This upregulation occurs over 4-12 hours and 

20 pretrcatment of cells with an inventive compound, or PTX, blocks generation of these 
phospholipid second messengers. The inhibition occurs either through suppressmg the 
generation of PA de novo firom lysoP A, or through inhibition of one or both arms of the Lands 
cycle. The coordinate increase of lysoPA in the setting of diminished PA/DAG production 
suggests inhibition of transacylation of a precursor lipid. Therefore, the ras transformation 

25 mediates an upregulation of PA throu^ indirect stimulation of PL A2 and/or LPAAT activity. 
The invmtive compounds inhibit tiie conversion of the upregulated lysoPA to PA and 
subsequently block the phenotypic changes induced by PA/DAG in the membrane. 

The ability of the inventive compounds to inhibit generation of unsaturated 
phospholipids is minoied by the ability of inventive compounds to inhibit proliferation and 

30 tumorogenicity of ms-transfonned cells in vitro and in vivo. PTX inhibits mr-transformed 

NIH/3T3 cells more than parental cells. This inhibition is reversible and is not associated with 
significant cytotoxicity. 

Excessive or unregulated TNF (tumor necrosis &ctor) production is implicated in 
mediating or exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 

35 spcmdylitis, osteoarthritis, gouty arthritis and other arthritic conditions, sepsis, septic shock, 
endotoxic shock, gra- u negative sepsis, toxic shock syndrome, adult respiratory distress 
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syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary 
sarcoidosis, bone resorption diseases, reperfiision injury, graft versus host reaction, allograft 
rejections, fever, myalgias due to infection such as influenza, cachexia secondaiy to infection, 
AIDS or maliguancy, AIDS, other viral infections (e.g., CMV, influenza, adenovirus, heipes 
family), keloid fonnation, scar tissue formation, Crohn's disease, ulcerative colitis, or pyresis. 
The inventive compounds or phaimaceutically acceptable salts thereof can be used in the 
manufacture of a medicament for the prophylactic or therapeutic treatment of any disease state in 
a human or other mammal, which is exacerbated or signaled through the present second 
messenger cellular phospholipid-based signaling pathway and by excessive or unregulated 
production of "first messenger" inflammatory cytokines such as TNF or IL-1 . With regard to 
TNF first messenger signaling, there are several disease states in which excessive or unregulated 
TNF production by monocytes/macrophages is implicated in exacerbating or causing the disease. 
These include, for example, neurodegenerative diseases such as Alzheimers disease, 
endotoxemia or toxic shock syndrome (Tracey et al.. Nature 330:662, 1987 and Hinshaw et al.. 
Ore. Shock 30:279, 1990); cachexia (Dezube et al.. Lancet 355:662, 1990), and adult respiratoly 
distress syndrome (Miller et al.. Lancet 2(8665):712, 1989). The inventive compounds may be 
used topically in the treatment of prophylaxis of topical disease states mediated or exacerbated 
by excessive TNF or IL-1, such as viral infections (herpes or viral conjunctivitis), psoriasis, 
fimgal or yeast infections (ringworm, athletes foot, vaginitis, dandruff, etc.) or other 
dermatologic hyperproliferative disorders. High TNF levels have been implicated in acute 
malaria attacks (Grau et al., N. Engl J. Med. 320:1585, 1989), chronic pulmonary inflammatory 
diseases such as siUcosis and asbestosis (Piguet et al.. Nature 344:245, 1990, and Bissonnette et 
al., InflammaHon 13:329, 1989), and reperfiision injury (Vedder et al., Proc. Natl Acad. Sci 
USA 87:2643, 1990). 

The compounds of the invention can inhibit certain VEGF (vascular endothelial 
growth factor). FGF (fibroblast growth factor) and PDGF (platelet derived growth factor) effects 
in vrvo, such as inhibition of angiogenesis or restenosis. For example. Ferns et al.. Science 
253:1129, 1991» have shown that neointimal smooth muscle chemotaxis and angioplasty are 
inhibited in rats using a neutralizing antibody to PDGF. Also, Jawien et al„ J. Clin Invest. 
89:507, 1992, have shown that PDGF promotes smooth muscle migration and intimal thickening 
in a rat model of balloon angioplasty. Inhibition of the PDGF-mediated effects following 
baUoon angioplasty by the inventive conqwunds is the pharmacological rationale for using the 
inventive compounds as therapeutic agents to prevent restenosis. The inventive compounds also 
inhibit athcrogenesis because increased levels of PDGF expressed by macrophages are associated 
with all phases of athcrogenesis (Ross et al„ Science 248:1009, 1990). Further, many human 
tumors express elevated levcb of either PDGF. FGF, receptors for FGF or PDGF, or mutated 
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cellular oncogenes highly homologous to these growth factors or their receptors. For example, 
such tumor cell lines include sarcoma cell lines (Leveen et al., InL J, Cancer 46: 1066, 1 990), 
metastatic melanoma cells (Yamanishi et al.. Cancer Res. 52:5024, 1992), and glial tumors 
(Fleming et al.. Cancer Res, 52:4550, 1992). 
5 The inventive compoimds are also useful to raise the seizure threshold, to 

stabilize synapses against neiux)toxins such as strychnine, to potentiate the effect of anti- 
Parkinson drugs such as L-dopa, to potentiate the effects of soporific compounds, to relieve 
motion disoiders resulting from administration of tranquilizers, and to diminish or prevent 
neuron overfiring associated with progressive neural death following cerebral vascular events 

1 0 such as stroke. In addition, the compounds of the invention are useful in the treatment of 

norepinephrine-dcficient depression and depressions associated with the release of endogenous 
glucocorticoids, to prevent toxicity to the central nervous system of dexamethasone or 
methylprednisolone, and to treat chronic pain without addiction to the drug. Further, the 
compounds of the invention are useful in the treatment of children with learning and attention 

15 deficits and generally improve memory in subjects with organic deficits, including Alzheimer's 
patients. 

Cnmnounds nf the Invention 

The inventive compounds have at least one aldehyde- or ketone-containing side 
20 chain and are preferably cyclic or heterocyclic compounds. The inventive compounds and . 
pharmaceutical compositions thereof have the formula: 

CORE MOIETY (R)j 

25 including resolved enantiomers and/or diasterecmers, hydrates, salts, solvates and mixtures 

thereof, wherein j is an integer from one to three, the core moiety is non-cyclic or cyclic and R 
may be selected from among: hydrogen, halogen (preferably bromine, chlorine, fluorine and 
iodine), hydioxyl, amino, substituted or unsubstituted C(i.io) alkyl, 0(2-10) aUcenyl, cyclic or 
heterocyclic grovqps, and formula 1. 

30 Prefored R substituents having a structure other Aan formula I include, but are 

not limited to, 2-bromopropyl. 4-chloropentyl. cyclohexyl. cyclopentyU 3-dimethylaminobutyl, 
ethyl, hexyU 2-hydroxyethyl, 5-hydioxyhexyl. 3-hydroxy-n4)utyl, 3-hydroxypropyl, isobutyl, 
isopropyU 2-methoxyethyl, 4-methoxy-n-butyl, methyl, n-butyl, n-propyl. phenyl, t-butyl and 
the like. Particularly preferred R, having a structure other than formula I, are ethyl, methyl, or 

35 hydrogen. 
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The inventive compounds have at least one R of the following fonniila I: 

— (CH,) — C— (R,) I 

n p 

wherein n is an integer from three to twenty; p is two or three; R] is selected from among 
hydrogen, halogen, hydroxyl, substituted or unsubstituted C(i.io) alkyU C(i.io) alkoxyl, C(2. 
10) alkenyl, cyclic or heterocyclic group, =0, '(CH2)s'C(R2h (wherein s is zero or an integer 
from one to ten, t is two or three, R2 is hydrogen, halogen, hydroxyl, substituted or unsubstituted 
C(l.lO) alkyl, C(i.io) alkoxyl, C(2-i0) alkenyl, cyclic or heterocyclic group, or =0); at least 
one R] or one R2 is =0; and a second R] or second R2, bonded to the same, respective -C as the 
at least one R] or one R2, is other than =0 or hydroxide. In the inventive compounds, when the 
core moiety is xanthine, and R corresponds to an unsubstituted, straight-chain a>-l oxoalkyl, a 
total number of carbon atoms between the xanthine and the =0 of Rj or R2 is not less than 
seven. Optionally, (CH2)n and/or (CH2)s may be substituted by a hydrogen, halogen, hydroxyl, 
substituted or unsubstituted C(i.io) alkyl, C(i.io) alkoxyl, C(2-10) alkenyl, cyclic or 
heterocyclic group. 

Preferably, n is an integer from about eight to about eighteen, more preferably, an 
integer from about ten to about eighteen. In especially preferred compounds, p is two, one R| of 
-C(Ri)2 is =0, and the second Ri is hydrogen, a C(i.io) alkyl, a halo-substituted C(i,io) alkyl, 
and a. substituted or unsubstituted C(i.iq) alkoxyl. 

Although other possible substituents are within the scope of the inventive 
compounds and pharmaceutical compositions thereof, representative, non-exhaustive 
substituents for the R/R1/R2 substituted C(i.io) alkyU C(i.io) alkoxyalkyl, C(2.i0) alkenyl, 
cyclic and heterocyclic groups may be amido, amino, C(2-8) alkenyl, C(i_8) alkyl (including, 
e.g., branched and unbranched alkyl or alkenyl groups), azido, caibonato, carbonyU carboxyl, 
cyano, C(i.g) haloalkyl (including, e.g., mono-, di- and tri-haloall^l substituents, such as 
trihalomediyl), isocyanoto, isothiocyano, phospho, phosphonato, primaiy, secondary or tertiary 
hydroxyl (including, e.g., any one of various diols, methanol, butanoU 1-cyclopentanol, ethanol, 
2pethyl-3-methyl-l-piopanol, pentanol, propanol, and me&ylcyclohexanol), sulfonato, sulfonyl, 
sulfoxyl, thioamido, tfaiocarbonato, thionato, thiolnato, thiol, ttuoureido and ureido. 

Representative R/R1/R2 cyclic groups may be, but are not limited to: 
anthracenyl, bicyclo[4.4.0}decanyl, bicyclo[2.2.1]heptanyl, bicyclo[3.2.0]heptanyl, 
bicyclo[4.1.0]heptanyl, bicylo[2>2.1]hcxanyl, bicyclo[43,0]nonanyl, bicyclo[2^.2]octanyl, 
biphenyl, cyclopentadienyl, cyclopcntanyl, cyclobutanyl, cyclobutenyl, cycloheptanyl, 
cyclohexanyl, cyclooctanyl and cyclopropanyl, 1,2-diphenylethanyl, fluorenyl, indenyl, 
hydroxy, phenyl, quinonyl, terphenyl, napthalenyl, phenanthrenyl, terphenyl, toluenyl and 
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xylenyl. Due primarily to availability and ease of synthesis, more preferred R/Rj/R2 cyclic 
groups include less complex ring systems, such as, for example, cyclopentanyl and 
cyclohexanyl, cyclopentadienyl, phenyl, indenyl, toluenyl and xylenyl. 

RJR\/R2 heterocyclic groups may include azetidinyl, benzofiiranyl, 
benzothiophenyl, caibazolyl, furanyl, glutarimidyl, indolyl, isoquinolinyl, oxazolyl, oxetanyl, 
oxiianyl, pyrrolidinyl, pyranyl, piperidinyl, pyridinyl, pyrrolyl, quinolinyU tetrahydrofiiranyl, 
tetrahydropyranyl, tetrahydrothiophenyl, ^ophenyl, derivatives thereof and the like. Preferred 
R/R1/R2 heterocyclic groups are furanyl, indolyl, thyminyl and xanthinyl, although other 
heterocyclic groups are within the scope of the inventive compounds. 

A non-cyclic core moiety may include, but is not limited to, for example, 
acetamido, amido, amino, amino acid (one or two), carboxyl, carbonyl, terminal halogen or 
hydrogen atom, hydroxyl, glutaric acid, glycinyl derivative, phospho, phosphonato, sulfato, 
sulfonate, sulfonyl, sulfoxyl, simple ionic functional group, thiol, thiolnato or the like. 
Exemplary core moiety amino acids may include one or more of the following: alanine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, 
isoleudne, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine. The non-cyclic core moiety may preferably be an amido, carboxyl, or 
hydro^^l group, a hydroatom, or a dipeptide comprising two amino acids selected from the 
foregoing exemplary list. A non-cyclic, halogen-core moiety may be, for example, bromine, 

chlorine, fluorine or iodine. 

A cyclic core may be at least one five- to seven-member, non-heterocyclic ring or 
a heterocycle. The at least one five- to seven-membered cyclic core may preferably have from 
one to three, five- to six-mcmbered ring structures in a predominantly planar configuration. For 
example, the core moiety may be selected from the group consisting of substituted or 
unsubstituted phenyl; biphenyl; cyclohexanyl; cyclohexanedionyU cyclopentanedionyl; 
naphthalenyl; hydroxypheoyl; quinonyl; saUcyUc acid and derivatives thereof; stilbenyl. 

tricyclododecanyl or the like. 

Although odier hetaocyclic cores are within the scope of the invention, the 
following representative compounds are preferred: substituted or unsubstituted barbituric acid; 
bcnzamido; glutarimidyl; homophthalimidyl; hydrophthalimidyU imidazolyl; amido; 
indomethacinyl; isocarbostyrilyl; lumaadnyl; N-alkylheterocycUc; N-heterocycUc; pteridinyl; 
phthalimidyl; piperidinyl; pyridinyl; pyrimidinyl; pyirolyl; quatemizedN-heterocycUc; 
quinolizinedionyl; quinazolinonyl; quinolinyl; recorsinol; succinimidyl; theobrominyl; tiiyminyl; 
triazinyl; uric acid, uracyl; vitamins A, E or K; or xanthinyl. 

Preferably, R is bonded to a nitrogen of the core moiety, if present, most 
preferably to the nitrogen of a glutarimidyl, methylthyminyl, thyminyl, uracyl or xanthinyl core. 
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in ^Presentauve. preferred compounds. R having formula I may be bonded to an Nj nitn,gen of 
glutanmidyl: N, nitrogen of xanthinyl (and N3 and N7 xanthinyl nitrogens may be independently 
substituted by a member selected from the group consisting of hydrogen, C(,.6) alkyl, fluoro 
chloro and ammo): N3 nitrogen of a thyminyl or methylthyminyl; or N, nitrogen of macyl 
Alternatively, R having formula I may be bonded to Nj and N3 xanthinyl nitrogens and an N7 
xanthmyl mtrogen is substituted by a member selected from the group consisting of hydrogen 
methyl, fluoro, chloro and amino; 

Representative substituents for the non-heterocyclic ring and heterocyclic cores 
correspond to the representative substituents previously defined for R/R,/R2 substituted cyclic 
or heterocyclic groups. Preferred non-heterocyclic ring cores include substituted or 
unsubstituted U-cyclohexanedionyl; 1.3-cyclopentanedionyl: 1.3-dihydroxynaphthalenyl: 
orthohydroxyphenyl. 

Preferred heterocyclic cores include substituted or unsubstituted glutarimidyl 
methylthyminyl, methyluracyl, thyminyl, theobrominyl, uracyl and xanthinyl, most preferably 
halogen-substituted xanthinyl. Exemplary preferred cores include: C(i^) alkyl-substituted 
thymmyl: C(,.6) alkyl-substituted uracyl: U-dihydroxynapthalenyl: 33-dimethylglutarimidyl- 
dihydrothyminyl: 2,4-dioxohexahydro-1.3.5-tetra2inyl; hexahydrophthalimidyl; 
homophthalimidyl; 2.hydrx>xypyridine; P-ionone as vitamin A methylbaibituric acid: 2,6.6- 
methyl-l-cyclohexene-l-acetaldehyde as vitamin A; methyldihydroxypyiazolopyrimidinyl. 
specifically, 1.3Kiimethyldihydroxypyra2olo[4,3-d]pyrimidinyl;l.methyl.5,6-dihydrouracyV 1 7- 
dimethylxanthinyl, 3,7-dimethylxanthinyl: 7-methylhypoxanthinyl: l-methyllumazinyl; 3- 
methyl-7-methylpivaloylxanthinyl; methylpyirolopyrimidinyl: 1 -methylpyrrolo [2 3-d] 
pyiimidinyl: I-methyl.2,4(lIUH)-quinolizinedionyl (l-methylbenzoyleneurea); methylthyminyl- 
1-methyluracyl: 3.methylxanthinyl; orotic acid: prostacyclin; l-pynole amido: 2i,yiTole amido; 
3-pyrrole amido; quinazolin-4(3H>onyl: U3,4-tetrahydroisoquinolonyl; 
tetrahydrophthalimidyl; sulindac; uracyl fused to naphthalene; 5- and/or 6.position substituted 
uracyl (such as, for example. 5-bromouracyl); and 8-substituted xanthinyl (having substituents 
such as N or S). 

Preferably, R is bonded to a nitrogen of the core moiety, if present, most 
preferably to the mtrogen of a glutarimidyl, methylthyminyl, thyminyl, uracyl or xanthinyl core. . 
In representative, preferred compounds, R having foimula I may be bonded to an N] nitrogen of 
glutarimidyl: N j nitrogen of xanthinyl (and N3 and N7 xanthinyl nitrogens may be independently 
substituted by a member selected from the group consisting of hydrogen, C(i^) alkyl. fluoro, 
chloro and amino); N3 mtrogen of a thyminyl or methylthyminyl: or N, nitrogen of uracyl. 
Alternatively. R having formula I may be bonded to N] and N3 xanthinyl nitrogens and an N7 
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xanthinyl nitrogen is substituted by a member selected from the group consisting of hydrogen, 

methyl, fluoro, chloro and amino. 

Representative, preferred inventive compounds are compoimds of formulas II, III 

orlV: 

o 



5 
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wherein R is defined above. 

The invention also provides a pharmaceutical composition. Pharmaceutical 
compositions of the inventive compounds comprise a pharmaceutical carrier, diluent or excipient 
and some amount of an inventive compound. The compound may be present in an amount to 
5 effect a physiological response, or it may be present in a lesser amount such that the user will 
need to take two or more units of the composition to effect the treatment intended. These 
compositions may be made up as a solid or liquid or in a gaseous fomi. Or one of these three 
forms may be transformed to another at the time of being administered such as when a solid is 
delivered by aerosol means, or when a liquid is delivered as a spray or aerosol. 
JO The nature of the composition and the pharmaceutical carrier, diluent or excipient 

may, of course, depend upon the intended route of administration, for example, parenterally, 
topically, orally or by inhalation for treatment of a patient wiih disease symptoms. For topical 
administration, the pharmaceutical composition may be in the form of a cream, ointment, 
liniment lotion, pastes, aerosols and drops suitable for administration to the skin, eye, ear or 
15 nose. For parentwal administration, the pharmaceutical composition may be in the form of a 
steril injectable liquid such as an ampule or an aqueous or non-acqueous liquid suspension. For 
oral administration, the pharmaceutical composition may be in the form of a tablet, capsule, 
powder, pellet, atroche, lozenge, syrup, liquid or emulsion. 

The invention includes a method for treating an individual having, a variety of 
20 diseases. The disease is characterized by or can be treated by inhibiting an immune response or 
a cellular response to external or in situ primary stimuli. Treatment of the disease states involves 
mediating the cellular response through a specific phospholipid-based second messenger acting 
adjacent to a cell membrane inner leaflet. The second messenger pathway is activated in 
response to various noxious or proliferative stimuli, characteristic of disease states treatable 
25 using the inventive conqjounds or pharmaceutical conqx>sitions thereof. Biochemistry of this 
second messenger pathway is described herein. More speciiicaOy, the invention includes 
methods for treating or preventing clinical ^miptoms of various disease states or reducing 
toxicity of other treatments by inhibiting cellular signaling through a second messenger pathway 
involving signaling dirough phosphatidic acid and through glycan phosphati<fylinostinol (Gly 
30 PI). 

Illustrative, non-limiting, exanqjles of compounds of tiie invention include the 

following: 

1208 l-(5-Oxohexyl)-3-methylbenzoyleneurea k^^-v^A^ 
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1437 7-(5-Oxohexyl).3-methylxanthine 




1516 1 -(9-Oxodecyl)-3 J-dimethylxanthine 
1526 l-(5-Oxopentyl)-3,7-diinethylxanthme 
1549 l-(6-Oxohexyl)-3,7-dimethylxanthine 



9 CHj 



5 1568 l-(8-Oxononyl)-3,7-dimethylxanthine 



^ 

CHj 



1 595 1 -(6-Chloro-5K>xohexyl)-3,7-dimethylxaiithine ' 

o o 



1 602 N-(5 -Oxohexyl)glutariinide 



1 803 1 .(5-Oxohexyl)xiracil 



1 805 1 3-Bis-(5-Oxohexyl)iiracil 



10 1810 3-(5-Oxohexyl>l-methyluracil 



1 90 1 1 -(5-Oxohexyl)thymme 



1 902 1 ,3-Bis-<5-Oxohexyl)thyinine 



o 



CM, 
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O O 

1909 3-(5-Oxohexyl)-l.methylthymine <^ 

r — :^M" 

2510 l-(10-Oxoundecyl)-3,7-dunethylxanthine 

252 1 1 -(6-Methoxy-5-Oxohexyl)-3,7-dtrnethylxanthme 

— ^ 

2524 I-(ll-Oxodo<iecyI)-3,7-dimethylxanthine 

O O OH 

5 2543 1 -(6-Hydroxy-5-oxohexyl)-3J-diinethylxanthine ^> 

2572 1 K6-Benzoyloxy-5-oxohexyl>3 J-dimethylxanthine <i«s 
259 1 1 -( 1 1 -Chloro- 1 0-oxoundecyl).3,7-<iimethylxanthine 




2594 1 -( 1 1 -Octyloxy- 1 0-oxoundecyl)-3,7Kiimethylxanthine 



10 3510 1-(1 l-Oxotetradecyl)-3 J-dimethylxanthine 



3519 1 -( 1 1 -Oxoheptadecyl>3 J-<iimethylxanthiiie 



3525 1 -( 1 1 -Oxoeicosyl>-3,7-dimetbylxaiithme 
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Synthesis of the Invenrive Compounds 

The invention includes methods for preparing compounds according to the 
invention. Exemplary methods for preparing the inventive compounds are discussed below and 
in the following examples. 

-5 In a method according to the invention^ a compoimd containing a desired core (intended 

as a "core moiety" in compotmds of the invention) undergoes a reaction to produce an anion. The anion 
is then subsequently reacted with a substituted olefin to displace a targeted functional group on the 
olefin, resulting in an intermediate olefinic product. In a preliminaiy reaction, a predetermined amount 
of a core-containing compound is reacted with a suitable base, a solvent and a substituted olefin, the 

10 substituted olefin having at least one fimctional group which may be substituted in a displacement 
reaction by the desired core-containing compound. 

Prefeired bases include, but are not limited to, sodium hydride, sodium amide, sodium 
alkoxide, Uthixmi hydride, potassium hydride, lithium amide, sodiimi amide and potassium amide. An 
especially preferred base is sodiirai hydride. Preferred solvents may be dimethylsulfoxide, 

15 dimethylformamide, or an alcohoL Exemplary preferred alcohols include, but are not linaited to, 

methanol, ethanol or isopropanol. Any substituted olefin comprising a chain structure of the inventive 
compounds may be used in the preliminary reaction according to the invention. Preferred olefins may 
be co-substituted olefins. Preferred substituted olefins include, but are not linaitpd to halo-substituted 

olefins. 

20 Generally, an intermediate olefinic product may be converted to a primary or secondary 

alcohol and then to the corresponding aldehyde- or ketone-containing inventive compound. Although 
other methods are within the scope of the invention, the following are possible methods for obtaining 

the inventive compounds. 

In one synthetic protocol, the intermediate olefinic product, having a composite 

25 structure of the core-containing compound and substituted olefin may subsequently be converted 
to a corresponding coa:q)ound having a primary hydioxyl fimctional The tntemiediate 

olefinic product is reacted with a hydroborating agent to obtain a desired borane derivative. The 
borane derivative is subsequently reacted in an oxidative hydrolysis reaction with an oxidative- 
hydrolyzing agent to obtain the corresponding compound having the desired primary hydroxyl 

30 fimctional group. Excn^laiy hydroborating agents include, but are not limited to, diborane, 
borane-metfayl sulfide complex, borane-pyridinc complex^ hexylborane, diamylborane, and 9- 
borabicyclo[3.3-l]no-nanc, most preferably, borane-tettahydrofiiran complex. Excnq)laiy 
oxidative-hydrolyzing agents include strong oxidizers such as a hydrogen peroxide solution and 
the like. These primary hydroxyl fimctional groups may then be convered to the desired 

35 aldehyde. 
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In a synthetic protocol for preparing inventive ketones, the intennediate olefinic product 
may be converted to a corresponding secondary hydroxy functional group by first obtaining a diol, then 
converting the diol to a haloester and preparing an intennediate epoxide product, which is subsequently 
reacted to form a-desired secondary alcohol intermediate. 

In one synthesis, the intennediate olefinic product is reacted with a suitable oxidizing 
agent. Preferred oxidixing agents include, but are not limited to, osmium tetroxide. Prefened oxidizing 
agents, such as osmium tetroxide may require a catalytic amount of the oxidizing agent in the presence 
of a regenerating agent. Exemplary, regenerating agents may be 4-methyhnorpholine-N-oxide and 
trimethylamine-N-oxide. An especially preferred regenerating agent is 4.methyhnorpholine-N-oxide. 
In a subsequent halogenation reaction, the resulting diol is converted to a haloester using a halogenating 
agent in the presence of an organic acid. Exemplary halogenating agents include hydrogen bromide and 
hydrogen chloride. Prefened organic acids may be acetic acid and propionic acid. The resulting 
haloester is subsequently reacted with a basic ester-hydrolyzing reagent to obtain a desired intennediate 
epoxide product. Prefened ester-hydrolyzing agents include, but are not limited to metal alkoxides and 
metal hydroxides. Especially prefened metal alkoxides are sodium methoxide, ethoxide, isoprx)poxide 
and pentoxide. A preferred metal hydroxide is sodium hydroxide. 

In an alternative synthesis, the intermediate olefinic product may be reacted with an 
organic peracid to obtain a desired intennediate epoxide product directly. Prefened exemplary organic 
peracids include 3-chloroperoxybenzoic acid, peracetic acid and trifluoroperacetic acid. An especially 
20 preferred peracid is 3-chloroperoxybenzoic acid. 

Subsequently, the conesponding intennediate epoxide product, which may be 
prepared by other methods than those discussed above, is reacted with a reducing agent to 
convert the coneponding epoxide to the intermediate secondary alcohol product. Exemplary 
reducing agents may be selected fh>m the non-exhaustive group of sodium borohydride or 
25 lithium aluminum hydride, and hydrogen gas in the presence of a metal catalyst. Prefened metal 
catalysts may be, for example, palladium, platinum, or Raney nickel. 

The intennediate primary or secondary alcohol product may also be prepared by 
by reacting a comqiound having at least one hydroxyl group with a predetennined amount of a 
compound containing a desired core (intended as a "core moiety" in confounds of the 
30 invention) with a suitable base and a solvent. The compound having at least one hydroxyl group 
has at least one other functional group which may be substituted in a displacement reaction by 
the core-containing compound. Other functional groups may be, for example, halogen atoms. 

In a final syndietic step, the intennediate primary or secondary alcohol product is 
reacted to obtain the desired inventive aldehyde- or keton-containing compound. In one 
35 synthetic procedure, the intermediate primary or secondary alcohol product is reacted wifli a 

suitable oxidizing agent converting the hydroxyl fiinctional group to the corresponding aldehyde 
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or ketone functional group. Exemplary oxidizing agents include, but are not limited to, oxalyl 
chloride-dimethylsulfoxide and other dimethylsulfoxide based oxidizing agents* and pyridinium 
dichromate and other chromium based oxidizing agents. 

Schematic illustrations of the foregoing, representative processes for preparing an 
. 5 inventive aldehyde-containing compoimd from an olefinic intermediate or from a primaiy 

alcohol and compound containing a desired core are shown in schematics A and B, respectively: 

A 

10 




CH J 

s A schematic illustration of the foregoing, representative processes for preparing an 

inventive ketone-containing con:4>ound from an olefinic intermediate is shown in schematic C 
below: 
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Uses of the Invention Compounds and Ph aimaceurical Formulfltinnf; 

The inventive compounds provide a method for maintaining homeostasis in cells 
5 contacted by primary stimuU by mitigating the effects of these primary stimuli on the secondary 
signaling pathways invoked within seconds of a primary stimulus, fliereby providing a method for 
treating an individual having a variety of diseases. The disease is characterized by or can be 
treated by inhibiting an inmiune response or a cellular response to external or in situ primary 
stimuli. Treatment of the disease states involves mediating the cellular response through a 
1 0 specific phospholipid-based second messenger acting adjacent to a cell membrane inner leaflet. 
The second messenger pathway is activated in response to various noxious or proliferative 
stimuli, characteristic of disease states treatable using the inventive conqx)unds or 
pharmaceutical compositions thereof Biochemistry of this second messenger pathway is 
described herein. More specifically, the invention includes metiiods for treating or preventing 
1 5 clinical symptoms of various disease states or reducing toxicity of other treatments by inhibiting 
ceUular signaling through a second messenger patirwky involving signaling through phosphatidic 
acid and through glycan phosphatidylinostinol (Gly PI). 

Gly PI consists of a phosphatidylinositol- 1 -phosphate (PIP) bound through tiie 
carljon 6-hydroxyl to a glucosamine residue, which in fiim is bound, usually to 2-5 otiier glycan 
20 residues (1^ type, linear bonds) containing an additional one to tiuee phosphoethanolamine 
moieties, tiie last of which may be bound to an external protein such as Thy-1. Evidence 
suggests a broad variety of structural variation in tiie sn-1 and sn-2 positions of the glycerol/lipid 
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moiety of the phosphatidylinositol, as well as fatty acyl addition to the 2-OH group of the 
inositol. Several functional parameters of structure have been observed, the most remarkable of 
which point to a minimum presence of at least one myristoyl sidechain in Gly-PI molecules, the 
presence of both alkyl (ether) and acyl chains in the sn-1 position, and the presence of pahnitate 
(C16:0) in the 2-OH position of the inositol in protein-binding Gly-PI. Thomas et al.. 
Biochemistry (1991): 29: 5413-5422. 

Recent research has demonstrated that 2-OH-acylation of the inositol moiety 
conv^s resistance to hydrolysis with Gly Fl-directed phospholipase C (PiG-PLC, a 
phosphodiesterase which hydrolyzes Gly PI to glycan inositol phosphate and diacylglycerol) but 
not to Gly Pl-directed phospholipase D (PiG-PLD, a phosphodiesterase which hydrolyzes Gly PI 
to glycan inositol + phosphatidic acid). 

Research has identified two functions of Gly-PI: 1 ) external protein binding, the 
purpose of which may be simple bindmg to the cell membrane or placement of conformational 
constraints on the structure of externally bound membrane proteins (e.g., so that a particular 
portion of the molecule faces an extracellular environment); and 2) signal transduction, 
including part of the intracellular signal sent by insulin and a detectable portion of the signal 
transduced by Interleukin-2 (IL-2). We have found that signal transducing Gly-PI in B 
lymphocytes is hydrolyzed foUoMong anti-mu crosslinking, and then resynthesized rapidly. In 
these systems, two Gly-PI species are synthesized: a) GlyPIl, containing l-myristoyl 2- 
palmitoyl, l-o-tetradecanyl (myristyl) 2-palmitoyl and 1-myristyl 2-myristyl 
phosphatidylinositol; and b) Gly Pl2, containing l-myristoyl 2-oleoyl and l-o-myristyl 2- 
linoleoyl phosphatidylinositol. Fraction (a) above contains a 1:1 mole content of C22 or C20 
acyl groups attached to the inositol phosphate. The Gly-PI 1 fiiaction, identified by glucosamine 
labeling followed by mass spectrometry, exhibits a characteristic tripanite peak (glycan-inositol: 
2-OH-acyL phosphatidic acid moieties) and is uniformly inositol 2-OH acylated. Therefore, 
fraction (a) conveys resistance to PiG-PLC but not to PiG-PLD, suggesting that the observed 
fraction, when hydrolyzed. wiU generate 1-myristyl and l-o-myristyl phosphatidic acid species, 

subsequently obsorved. 

Thus, inventive compounds, useful in treating diseases and reducing toxicity of 
other disease treatments, would affect ceUular signaling through a second messenger pathway by 
interacting with bindii^ and/or signaling functions of Gly PI. 

For example, administration of an invwitive compound in vivo or ex vivo provides 
a method to modify cellular behavior, the method comprising contacting cells (in vivo or ex 
vivo), whose behavior is to be modified, with an effective amount of an inventive compound or a 
phannaccutical composition thereof. The inventive methods: (1) inhibit proliferation of tumor 
cells; (2) suppress activation of T-cells by antigen or IL-2 stimulation; (3) suppress activation of 
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monocyte/macrophage cells by endotoxin. TNF, IL-1 or GM-CSF stimulation; (4) suppress 
antibody production of B-cells in response to an antigen, IL-4 or CD40 ligand; (5) inhibit the 
proliferation of smooth muscle cells in response to growth factors capable of stimulating said 
proliferation; (6riower systemic vascular resistance conferred by endothelial cells; (7) lower 
systemic vascular resistance induced by endothelial cells; (8) lower expression of adhesion 
molecules induced by enhancers thereof; (9) suppress the activation of T-cells and macrophages 
by HIV; (10) inhibit the proliferation of kidney mesangial cells in response to stimulation by IL- 
1 and'or MlP-la and/or PDGF and/or FGF; (1 1) enhance tiie resistance of kidney glomerular or 
tubular cells to cyclosporin A or amphotericin B; (12) prevent the release of MlP-la by IL-1, 
TNF, or endotoxin stimulated monocytes and macrophages; (13) prevent the release of platelet 
activating factor by IL-1, TNF, or endotoxin treated megakaryocytes, fibroblastic ceUs. and 
macrophages; (14) prevent the down-regulation of receptors for cytokines in TNF-treated 
hematopoietic progenitor cells; (15) suppress the production of metalloproteases in IL-1 - 
stimulated or TNF-stimulated glomerular epithelial cells or synovial ceUs, being; (16) enhance 
the resistance of gastrointestinal or pulmonary epithelial ceUs to cytotoxic drugs or radiation; 
(17) enhance the antitumor effect of a non-alkylating antitumor agent; (18) to inhibit tiie 
production of osteoclast activating factor in response to IL-1; (19) inhibit degranulation in 
response to IgE; (20) enhance the release of adrenergic neural transmitters, dopamine, 
norepinephrine, or epinephrine, or the neurotiansmitter, acetylcholine; (21) modulate the post- 
synaptic "slow current" effects of the adrenergic neurotransmitters dopamine, epinephrine, or 
norepinephrine, or the neurotransmitter acetylcholine; (22) suppress signaling by 
neurotransmitters including acetyl choline, leuenkephalin and seretonin; or (23) increase seizure 
theshold. 

A disease state or tiieatinent-induced toxicity is selected from the group consisting 
of: tumor progression involving tumor stimulation of blood supply (angiogeneas) by production 
of fibroblast growth fector (FGF). vascular endotheUal growth fector (VEGF) or platelet-derived 
growth factor (PDGF); tumor invasion and formation of metastases through adhesion molecule 
binding, expressed by vascular endothelial cells (VCAM and ICAM); tissue invasion through 
tumor metalloprotease production such as MMP-9: autoimmune diseases caused by 
dysregulation of the T cell or B cell immune systems, treatable by suppression of the T cell or B 
cell responses; acute allei^gic reactions including, but not limited to, asthma and chronic 
inflammatory diseases, mediated by pro-inflammatoiy-cytokines including tumor necrosis factor 
(TNF) and IL-1. and rheumatoid arthritis, osteoarthritis, multiple sclerosis or insulin dependent 
diabetes mcUitus (IDDM). associated with enhanced localization of inflammatory cells and 
release of inflammatoiy cytokines and metalloproteases; smooA muscle cell, endothelial cell, 
fibroblast and other cell type proliferation in response to growth factors, such as PDGF-AA, BB, 
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FGF, EOF, etc, (z\e., atherosclerosis, restenosis, stroke, and coronary artery disease); activation 
of human inununodeficiency virus infection (AIDS and AIDS related complex); HIV-associated 
dementia; kidney mesangial cell proliferation in response to IL-1, MlP-la, FDGF or FGF; 
inflammation; kidney glomerular or tubular toxicity in response to cyclosporin A or 
amphotericin B treatment; organ toxicity (e.g., gastrointestinal or pulmonary epithelial) in 
response to a cytotoxic therapy (e.g., cytotoxic drug or radiation); effects of non-alkylating anti- 
tumor agents; inflarmnation in response to inflammatory stimuli (e.g., TNF, IL-1 and the like) 
characterized by production of metalloproteases or allergies due to degranulation of mast cells 
and basophils in response to IgE or RANTES; bone diseases caused by overproduction of 
osteoclast-activating factor (OAF) by osteoclasts; CNS diseases resulting from over-stimulation 
by pro-inflarmnatory neurotransmitters such as, acetylcholine, serotonin, leuenkephalin or 
glutamate; acute inflanunatory diseases such as septic shock, adult respiratory distress syndrome; 
multi-organ dysfunction associated with inflammatory cytokine cascade; and combinations 
thereof. 

Indications useful for administering compoimds of the invention include, but are 
not limited to: a hormones-elated disorder, an autoinmiune disease, inflanunation, coronary 
artery disease, hypertension, unwanted irrmiune response (such as allograft reactions), viral 
infection, nephritis, mucositis, and various allergic responses. Allergic responses include acute 
allergic response and thus rhinorrhea, sinus drainage, diffuse tissue edema, and generalized 
pruritus. As well as the following, other chronic allergic responses include, dizziness, diarrhea, 
tissue hyperemia, and lacrimal swelling with localized lymphocyte infiltration. Allergic 
reactions are also associated with leukotriene release and the distal effects thereof, including 
asthmatic synqrtoms (e,g., development of airway obstruction, a decrease in FEVl, changes in 
vital capacity, and extensive mucus production). 

In a large number of cells, signaling is dependent upon generation of a broad 
variety of PA species, some of which are generated ftwn lyso-PA by the enzyme lyso-PA acyl 
transferase and some of which are generated from 2-O-acyl glycan-PI by PiG-PLD. Generation 
of each of these PA ^ecies (the predominant forms being: 1-acyl and 1-alkyl 2-linoleoyl PA 
compounds, generated by LPAAT; and 1-myristyl 2-palmitoyl and l-o-myristyl 2-palmitoyl, 
generated by PiG-PLD) serves to effect bofli proliferative and/or inflammatory signaling in the 
diseases discussed and cell systems described above. 

The inventive compounds are of particular significance for inhibiting IL-2-p 
induced proliferative response. IL-2 signaling inhibition is potentially useful in the treatment of 
numerous disease states involving T-cell activation and hyperproliferation. Exemplary 
autoimmune diseases treated by inhibiting IL-2 signaling are lupus, scleroderma, rheumatoid 
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arthritis, multiple sclerosis, glomerula nephritis as well as potential malignancies, including but 
not limited to, chronic myelogenous leukemia as well as others. 

The compounds of the invention further are able to decrease enhanced levels of a 
relevant PA and-DAG resulting from stimulation of synaptosomes with acetylcholine and/or 
epinephrine. This suggests that the effects of the compounds of the invention are to both 
enhance the release of inhibitoiy neural transmitters such as dopamine, and to modulate the 
distal "slow current" effects of such neurotransmitters. 

Thus, the drugs of the invention are also useful to raise the seizure threshold, to 
stabilize synapses against neurotoxins such as strychnine, to potentiate the effect of anti- 
Parkinson dmgs such as L-dopa, to potentiate the effects of soporific compounds, to relieve 
motion disorders resulting from administration of tranquilizers, and to diminish or prevent 
neuron overfiring associated with progressive neural death following cerebral vascular events 
such as stroke. In addition, the compounds of the invention are useful in the treatment of 
norepinephrine-deficient depression and depressions associated with the release of endogenous 
glucocorticoids, to prevent the toxicity to the central nervous system of dexamethasone or 
methylprcdnisolone, and to treat chronic pain without addiction to the drug. Further, the 
compounds of the invention are useful in the treatment of children with learning and attention 
deficits and generally improve memory in subjects with organic deficits, including Alzheimer's 
patients. 

While dosage values will vary, therapeutic efficacy is achieved when the 
compounds of the invention are administered to a human subject requiring such treatment as an 
effective oral, parenteral, or intravenous sublethal dose of about 50 mg to about 5000 mg per 
day, depending upon the weight of the patient A particularly preferred regimen for use in 
treating lexikcmia is 4-50 mg/kg body weight. It is to be understood, however, that for any 
particular subject, specific dosage regimens should be adjusted to tiie individual's need and to the 
professional judgment of the person administering or supervising die administration of tiie 
inventive compounds* 

P^?^ff^r?^ ^cal Fomiulations 

A suitable fbmuilation will depend on the nature of the disorder to be treated, the 
nature of tiie medicament chosen, and the judgment of the attending physiciaiL In general, the 
inventive compounds are formulated either for injectiqp or oral administration, although other 
modes of administration such as transmucosal or transdomal routes may be enq)loyed Suitable 
formulations f<x these con4K>unds can be found, for example, in Remington's Pharmaceutical 
Sciences (latest edition), Nfack Publishing Company, Easton, PAu 
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The inventive compounds and their pharmaceutically acceptable salts can be employed in a 
wide variety of pharmaceutical forms. The preparation of a pharmaceutically acceptable salt will 
be determined by the chemical nature of the compound itself, and can be prepared by conventional 
techniques readily^vailable. Thus, if a solid carrier is used, the preparation can be tableted, 
' 5 placed in a hard gelatin capsule in powder or pellet fomi or in the forai of a troche or lozenge. 
The amoimt of solid carrier will vaiy widely but preferably will be ftom about 25 mg to about 1 
gram, wherein the amoxmt of inventive compound per dose will vary ftom about 25 mg to about 1 
gram for an adult. When a liquid carrier is used, the preparation will be in the form of a syrop, 
emulsion, soft gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid 

10 suspension. Where the inventive composition is in the form of a capsule, any routine 

encapsulation is suitable, for example, using the aforementioned carriers in a hard gelatin capsule 
shell. Where the composition is in the form of a soft gelatin shell capsule, any pharmaceutical 
carrier routinely used for preparing dispersions of suspensions may be considered, for example, 
aqueous gums, celluloses, silicates or oils and are incorporated in a soft gelatin capsule shell. A 

1 5 syrup foraiulation will generally consist of a suspension or solution of the compound or salt 

thereof in a liquid carrier {e.g., ethanol, polyethylene glycol, coconut oil, glycerine or water) with 
a flavor or coloring agent. 

The amount of inventive compound required for therapeutic effect on topical 
administration will, of course, vary with the compound chosen, the nature and severity of the 

20 disease and the discretion of the treatment provider. Parenteral includes intravenous, 

intramuscular, subcutaneous, intranasal, intrarectal, intravaginal or intraperitoneal administration. 
Appropriate dosage forms for such administration may be prepared by conventional techniques. 
A typical parenteral composition consists of a solution or suspension of the inventive compound 
or a salt thereof in a sterile or non-aqueous carrier, optionally containing a parentcrally acceptable 

25 oa, for cxan^le polycAylene glycol, polyvinylpynolidone, Icctdiin, arachis oil, or sesame oil. Tlie 
daily dosage for treatment of sepsis or aiKrtlier severe inflammatory condition via parenteral 
administration is suitable fiom about 0.001 mg/kg to about 40 mg/kg, preferably fiom about 0.01 
mg/kg to about 20 mg/kg of an inventive compound or a pharmaceutically acceptable salt thereof 

calculated as the free base* 
30 The inventive compounds DMy be administered orally. The daily dosage regimoi for oral 

administration is suitably fiom about 0.1 mg/kg to about 1000 mg/kg per day. For administration 

the dosage is suitably fiom about 0.001 mg/kg to about 40 mg/kg of the inventive compound or a 

phamiaceutically acceptable salt thereof, calculated as the fi«e base. The active ingredient may be 

administered fiom 1 to 6 thnes a day, sufficient to exhibit activity. 

35 The inventive compounds m^ be administered by inhalation (e.g., intranasal or oral) 

Appropriate dosage fOTms include an aerosol or a metered dose inhaler, as prepared by 
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conventional techniques. The daily dosage is suitably from about 0.001 mg/kg to about 40 mg/kg 
of the inventive compound or a phannaceutically acceptable salt thensof, calculated as the free 
base. Typical compounds for inhalation are in the fonn of a solution, suspension or emuUion that 
may be administered as a dry powder or in the fonn of an aerosol using a conventional propellant. 

The invention is illustrated by the following examples which should not be regarded as 
limiting the invention in any way. 

Example 1 

This example is a synthesis for inventive compound no. 1549 (see above for chemical 
name and structure). A mixttire of 1.0 g of theobromine (5.5 mmol), avaUable from Sigma, and 
264 mg of 50% sodium hydride (5.5 mmol) in oil and 20 ml of dimethylsulfoxide was stirred for 
50 minutes and then 1.0 g of 6-bromo-l-hexanol (5.5 mmol), available from (Aldrich). was added 
to the stirring mixture. Afta- an additional 1 8 hours of stiaring, the solution was treated with 50 
ml of water and then extracted with two 25 ml aliqouts of hexane. The aqueous phase was 
15 extracted with three 35 ml aliquots of 25% ethanol-dichloromethane. The combined ethanol- 

dichloromethane extracts were dried over magnesium sulfate and then the solvent was evaporated 
under vacuum. Remaining dimethylsulfoxide was removed by distillation under a full pump 
vacuum, leaving 1 .4 g of a white powder, 1 -(6-hydroxyhexyl)-3,7-dimethylxanthine (5.0 mmol, 
91% yield). 

20 156 ml (172 mg) of dimethyl sulfoxide (2.2 mmol) were slowly added to a solution of 103 

ml (1 50 mg) of oxalyl chloride (1 ^ mmol) in dichloromethane at - 78 **C. A solution of 300 mg 
of l-(6-hydroxyhexyl)-3,7-dimetfaybcanthine (1.1 mmol) in 5 ml of dichlorxMnethane was added to 
the previous reaction mixture, followed by 15 minutes of stirring. The cold bath was removed 
after addition of 765 ml (555 mg) of triethylamine (5.5 mmol). At ambient tennperature, the 

25 reaction was added to 20 ml water and extracted witii three 50 ml aliquots of methylene chloride. 
The combined organic Uyers were washed with 20 ml of 1% aqueous hydrogen chloride, 20 ml of 
saturated aqueous sodium bicarbonate, and 20 ml of saturated aqueous salt solution, and then 
dried over sodium sulfete. Evaporating the solvent and recrystaUizating an evaporation residue in 
chloTofotm/^petroleum ether resulted in 267 mg of conq>ound no. 1549 (87% yield). 

30 

Example 2 

This exan^le illustrates a syndiesis for inventive ccanpound no. 1595 (see above for 
chemical name and stmcture). 1 1 .9 g of theobromine (66 mmol), available fiom Sigma, were 
added to a mixmre of 10.7 g of bromohexene (66 mmol), available fiom Aldrich, and 1J8 g of 
35 sodium hydride (66 mmol) in 1 00 ml of dimethylsulfoxide and the resulting reaction mixture 
stirred for 43 hours. Thereactionmixturewastreated with 200 ml of water and then extracted 
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with three 80 ml aliquots of dichloromethane. The combined extracts were washed three times 
with 1 00 ml of water per wash and subsequently dried over magnesium sulfate. The solvent was 
evaporated under vacuum, leaving 17 g of white powder, l-(5-hexenyl)-3J-dimethylxanthine (65 
mmol 98% yield).* 

Six drops of 2.5% osmium tetraoxide in /-butanol were added to a mixture of 1 .07 g of 1 - 
(5-hexenyl)-3,7-dimethylxanthine (4. 1 mmol) , prepared above, and IMgofN- 
methylmoipholine-iV-oxide (12.3 nrniol) in 20 ml of water and 10 ml of acetone. After sxuring the 
resulting reaction mixture for 48 hours, it was treated with 20 ml of 20% aqueous sodium 
dithionite solution. After 2 minutes, the mixture was extracted with three 30 ml aliquots of 25% 
ethanol-dichloromethane solution. The combined extracts were dried over magnesium sulfate and 
the solvents were evaporated imder vacmmfi, leaving 750 mg of white powder, l-(5,6- 
dihydioxyhexyl>3,7-dimethylxanthine (2.53 mmol, 62% yield). 

3.4 ml of 30% hydrogen bromide-acetic acid were added (over a 30 second period) to 1 .0 
g of l-(5,6-dihydroxyhcxyl)-3,7-dimethylxanthine (3.38mmol). The resulting mixture was stirred 
2.5 hours until all solid had dissolved. The solution was poured carefully over a mixture of 12 g 
of sodium bicarbonate and 50 ml of ice water. After carbon dioxide evolution subsided, tfie ^ 
mixture was extracted with three 25 ml aliquots of dichloromethane. The combined extracts were 
dried over magnesiimi sulfate and the solvent was evaporated under vacuum to obtain 1 3 g of 1- 
(5-acetoxy-6-bromohexyl)-3,7-dimethylxanthine (3.24 mmol, 96% yield), as a viscous oil 
dissolved in 5 ml of methanol. Subsequently, 3.9 ml of a lAf sodium methoxide in methanol 
solution was added over 30 seconds. After stirring for 20 minutes, Ae solution was treated with 
20 ml of water and then extracted with three 15 ml aliquots of dichloromethane. The combined 
extracts were dried over magnesiimi sulfate and solvents evaporated under vacuum, leaving 900 
mg of white crystals, K5,6-oxidohcxyl>-3,7-dimethylxanthine (3,24 mmol, 100% yield). 

0.634 g of Oxalyl chloride (5.00 mmol) were added to a solution of 0390 g of 
dimcdi)dsulfoxidc(5.00minol)in20mlofdichloro^ The resulting mixture was 

stirred ftir 5 minutes, 0.548 g of l-(5,6-oxidohexyl)-3,7-dimelhylxanthme (2.00 mmol), prepared 
above, and 0.0064 g of methanol (0.20 mmol) were added to the solution and the resulting 
reaction mixture was stirred fa a fiirtlicr 30 minutes at -60 1-01 g of Triethylamine (10.0 
mmol) were added and th e mixture stirred at -60 C for an additional 1 0 minutes before warming 
the mixture to 25 ^^C over 30 minutes. The reaction was washed with 30 ml of saturated 
ammonium chloride solution, 30 ml of water and 30 mH>f brine. The organic phase was dried 
over magnesium sulfate and the solvent evaporated, yielding crade product purified by 
chromatography using silica and a methanol/dichloromethane eluant to obtain 0.38 g of 
compound no. 1595 (62% yield). 
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Example 3 

This example is a synthesis for inventive compound no. 1 8 1 0. 398 mg of sodium hydride 
(15.9 mmol) were added to a stirring solution of 2.0 g of l-methyluracil (15.9 mmol) in 40 ml of 
dimethylsulfoxide. After 15 minutes, 2.85 g of 6-bromo-2-hexanone (15.9 mmol) were added and 
the resulting reaction mixture stirred for 4 days. The reaction was then poured into 80 ml water 
and extracted with four 50 mJ aliquots of dichloromethane. The organic layers were combined, 
washed with 20 ml of aqueous saturated salt solution and dried over sodium sulfate. The solvent 
was evaporated under vacuum, leaving a brown oil. The crude product was purified by column 
chromatography using silica and a 20% pen-oleum ether/ethyl acetate eluant, yielding 1,79 mg of 
compound no. 1810 (50% yield). 

Example 4 

This example is a synthesis of inventive compound no. 1 909 (see above for chemical name 
and structure). A solution of 1 .00 g of 1-methylthymine (7.1 mmol). available from Aldrich, and 
171 mg of sodium hydride (7.1 mmol) in 20 ml of dimethylsulfoxide (20 ml) was stirred at 
ambient temperature. After 45 minutes, 1 .30 g of 6-brQmo-2-hexanone (7. 1 mmol) were added 
and ±e resulting reaction mixture was stirred for 72 hours. The ceaction was poured into 50 ml 
of water and extracted with four 50 ml aliquots of dichloromethane. The organic layers were 
combined and washed with two 30 ml aliqouts of saturated aqueous salt solution and dried over 
magnesium sul&te. Evapcnating the solvent left a brownish solid which upon reciystallization in 
dichloromethane/petroleimi ether jdelded 960 mg of a white solid, compoimd no. 1909 (56% 
yield). 

Examples 

This example is a metiKxl of synthesis for inventive confound no. 2594. 1 .26 g of 95% 
sodium hydride(50 mmol) were added to a solution of 7.2 g of dieobromine (40 mmol) in 300 ml 
of dimediylsulfindde. After 20 minutes of stirring, 7.95 g of undecenylmesylate (30 mmol) were 
added and the resulting mixture stirred for 12 hours at nxnn temperature. The reaction was 
wanned to 70^0 <*C and stirred f<»- 4 hours and was thai poured into a sqsaiatory ftmnel 
containing 1 L of water and extracted with five 200 ml aliquots of dichloromethane. The oxganic 
extracts were combined, washed with 100 ml of water jmd 100 ml of farine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The crude product obtained was 
Anther purified by flash chiomatogr^hy over silica gel using a 20% hexane/dichlcxomethane 
eluant, producing 4.6 g of l-(10-undecenyl)-3,7-dimethylxanthine (463% yield). 
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A solution of 4.3 g of l-(10-undecenyl)-3 J-dimethylxanthine (13 tnmol), 1.942 g of 4- 
methylmorpholine-N-oxide (16.6 mmol) and 9.5 mg of potassium osmate dihydrate (0.026 mmol) 
in 45 ml of acetone and 10 ml of water was stirred for 6 hours. A solution of 12 ml of 20% 
aqueous sodium sulphite was added and the resulting mixture stirred for 30 minutes. The reaction 
mixture was extracted with four 1 00 ml aliquots of 20% ethanol/dichloromethane. The combined 
organic extracts were dried over anhydrous magnesiimti sulfate, concentrated under reduced 
pressure and purified by flash chromatography over silica gel using a methanol 
(5%)/dichloromethane eluant, producing 3.6 g of 1-(10J l-dihydroxyundecanyl)-3,7- 
dimethybcanthine (76% yield). 

3.6 g of HlO.l l-dihydroxyundecanyl)-3,7-dimethylxanthine (10 mmol) were stirred with 
6.2 ml of hydrogen bromide (8.4 g of a 30% solution in acetic acid, 31.1 mmol) for 90 minutes. 
The mixture was then added to a flask containing 100 ml of aqueous sodium bicarbonate solution 
and 75 ml of dichloromethane. After 10 minutes of vigoroxis stirring, the layers were separated 
and the aqueous portion washed with three 75 ml aliqouts of dichloromethane. The organic 
portions were combined, dried over magnesium sulfate, and evaporated to obtain 3,6 g of 1-(10- 
acetoxy-1 l-hiOTioundecanyl)-3,7-dimefliybcanthine. Without further purification, the 
bromoacetate was taken up in 25 ml of methanol and treated with a solution of sodium 
mcthoxide (prepared from 0.28 g, 12.2 mmol sodium, and 25 ml methanol). After 30 minutes, 
most of the solvent was removed under reduced pressure and the residue was extracted with three 
75 ml aliquots of dichloromethane. The organic portions were combined, dried over magnesium 
sulfate and concentrated under reduced pressure to give an off-white solid. Subsequent 
purification by column chromatography over silica gel using a dichlorometiiane/(3%) methanol 
eluant produced 2.0 g of 1-(10,1 l-oxidoundecanyl)-3.7-dimethylxanthine (57.5% yield). 

3 12 mg of sodium hydride (13 nunol) were added to a solution of 10 ml of octanol in 20 
ml of toluene. After tiie solution ceased bubbling* 2 J g 1-(10,1 l-oxidoundecyl>3,7- 
dimethylxantiiine (7^ nunol) was added and the mixture was stirred for 3 hours at 60-70 
After cooUng. the mixture was added to a saturated aqueous solution of 15 ml of ammonium 
chloride and 10 rxA of water and extracted with three 50 ml aliquots of dichloromethane. The 
combined organic layers were washed with saturated aqueous sak solution and dried over sodium 
sulfate. EviqxKationof&e solvents under vacuum gave a soKd residue which 
chromatograplQr (neutral activity II alumina/dichloromethane) to obtain 1 .34 g of 1-(1 1-octyloxy- 
10-hydioxyundecyl)-3jKlimethybcanthine (49% yield)., 

0.18 ml of dimethylsulfoxide (2.5 mmol) was added slowly by syringe to a stirring solution 
of 0.1 1 ml of oxalyl chloride (13 mmol) in 5 ml of dichloromethane -78 ^C. After 2 minutes, a 
solution of 0.5 g of Kl l-octyloxy-10-hydroxyundecyl)-3,7-dimcthybcantiiine (1.0 mmol), 
prepared above, in 15 ml of dichloromethane was added dropwise over 5 minutes. Stirring was 
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continued at -78 for 45 minutes. 0.72 ml of triethylamine (5.2 mmol) was added and the cold 
bath removed After 20 minxites, 25 ml of water were added and the mixture was extracted with 
three 50 ml aliquots of dichloromethane. The combined organic extracts were washed with 20 ml 
of saturated aqu^us sodium bicarbonate and 20 ml of saturated aqueous salt solution, and then 
dried over sodium sulfate. The solvents were evaporated under vacuum, leaving a thick oil 
residue which was purified by chromatography using silica and a dichloromethane-5% methanol 
eluant to obtain 205 mg of compound no. 2594 (43% yield). 

Example 6 

A solution of 1.0 g of 1-methylthymine (7.1 mmol), available from Aldrich, and 171 mg of 
sodium hydride (7.1 mmol) in 20 ml of dimethylsulfoxide was stirred at ambient temperature. 
After 45 minutes, 1 30 g of 6-bromo-2-hexanone (7. 1 mmol) was added and the reaction mixture 
was stirred for 72 hours. The reaction was poured into 50 ml water and extracted with four 50 ml 
aliquots of dichloromethane. The organic layers were combined and washed with two 30 ml 
aliquots of saturated aqueous salt solution and dried over magnesium sulfate. Evaporating the 
solvent left a brownish solid, which iq)on rectystallization in dichloromethane/petroleum ether 
yielded 960 mg of a white solid, compound no. 1 909 (56% yield). 

Example 7 

This example is a synthesis for inventive compoimd no. 252 1 , 1 1 .9 g of theobromine (66 
mmol). available ftom Sigma, were added to a mixture of 10,7 g of bromohexene (66 mmol), 
available fiom Aldrich, and 1.58 g of sodium hydride (66 mmol) in 100 ml of dimethylsulfoxide 
and the resulting reaction mixture stirred for 43 hours. The solution was treated with 200 ml of 
water and then extracted with three 80 ml aliquots of dichloromethane. The corribined extracts 
were washed with Aree 100 ml aliquots of water, dried over magnesium sul&te, and then &e 
solvent was evaporated under vacuum, leaving 17 g of white powder, l-(5-hexcnyl)-3,7- 
dimetfaylxanthine (65 mmol, 98% yield). 

Six drops of 2,5% osmium tetraoxide in /-butanol were added to a mixture of 1.07 g of 1- 
(5-hexei^l)-3,7-dimedQdxanthine (4,1 mmol) and 1.44 g of A'-metfayfancnpholine-Moxide (12.3 
mmol) in 20 ml of watCT and 10 ml of acetone. After stirring a resulting reaction mixture for 48 
hours, the mixture was treated with 20 ml of 20% aqueous sodium difhionite solution. After 2 
minutes, the mixture was extracted with tibree 30 ml aliquots of 25% ethanol/dichloromediane 
solution. The combined extracts were dried over magnesium sulfate. Evaporating the solvent 
under vacuum, left 750 mg of white powder, l-(5,6-dihydn)xyhexyl)-3,7-dimefliybcan1hine (2.53 
mmol, 62% yield). 
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3.4 ml of 30% hydrogen bromide-acetic acid were added over 30 seconds to 1.0 g of 1- 
(5,6-dihydroxyhe3^1)-3,7-dimethylxantliine (3.38mmol), prepared above, and dien the resulting 
solution was stirred 2.5 hours until all of the solid had dissolved. The solution was poured 
carefully over a mi5rture of 1 2 g of sodium bicarbonate and 50 ml of ice water (50 ml). After the\ 
- S carbon dioxide evolution had subsided, the mixture was extracted with three 25 ml aliquots of 

dichlorometfaane. The combined extracts were dried over magnesimn sulfate and the solvent was 
evaporated tmder vacuum, resulting in 1.3 g of a viscous oil, l-(5-acetoxy-6-bromohe3q('l)-3,7- 
dimethylxantiiine (3^4 mmol, 96% yield). The viscous oil residue was dissolved in 5 ml of 
methanol to form a residue solution. 3.9 ml of a lAf sodium methoxide in methanol solution was 

10 added to the residue solution over 30 seconds. After stirring for 20 minutes, the solution was 

treated with 20 ml of water and then extracted with three 15 ml aliquots of dichloromethane. The 
combined extracts were dried over magnesium sulfate. Evaporating flie solvoits under vacuum 
left 900 mg of white ciystals, l-(5,6-oxidohexyl)-3,7-dimethybtanthine (3.24 mmol 100% yield). 
120 mg of a solution of l-(5,6-oxidohexyl)3,?-dimethylxanthine (0.43 mmol), prepared 

15 above, in 10 ml of methanol were refluxed with six drops of sulfimc acid for 4 hours. The 

resulting reaction mixture was cooled and then 1 0 ml of saturated sodium bicarbonate solution 
were added. The mixture was extracted with three 30 ml aliquots of 10% ethanol/dichloro- 
methane and the organic layers were combined and dried over sodium sulfote. The solvents were 
evaporated, leaving a yellow oil. Purification by chromatography using silica and a 10% 

20 cthanol/dichloromethane eluant and by subsequent crystallization ftran dichloromethane/ipetKV; 
leum ether yielded 44 mg of a white soUd, l-(6-methoxy-5-hydroxyhexyl)-3,7-dimediylxanthine 
(33% yield). 

223 mg of oxalyl chloride (1.8 mmol) were cooled to -78 in 8 ml of dichloromethaiie. 
281 mg of dimethylsulfoxide (3.6 mmol) wwe added dropwise to the cooled solution. After 5 

25 minutes, 500 mg of l-(6-metfioxy-5-hydioxyhexyl)-3,7-dimefliybcanthine (1.6 mmol), prepared 
above, in 6 ml of dichloromethane were added dropwise. Stirring continued for 40 minutes, 
thereafter. 729 mgoftriethylamine (7^ mmol) were added to the reaction mixture. The reaction 
mixture was allowed to warm to ambient temperature. The reaction mixture was poured into 20 
ml of water and extracted first witii three 40 ml aliquots of dichlorometiiane. and then followed by 

30 30mlof20%methanol/dichloromethane. The organic layers were combined and washed with 20 
ml of aqueous saturated salt solution and dried over sodium sulfate. Evaporation of the solvent 
yielded a yellow residue, which upoa dissolving and cooling in dichloromethane and hexane 
resulted in a yellowish soUd. Purification by chromatography of the resulting solid using siUca and 
a dichloromefliane/5% ethanol eluant produced 202 g of conqwund no. 2521 (41% yield). 
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Example 8 

This example is a synthesis for inventive compound no. 3525. 1-(10,11- 
Dihydroxyundecanyl)-3,7-<iimcthylxanthine (3.6 g, 10 mmol), prepared m Example 5 above, 
was stirred with a 30 % solution (6.2 ml) of hydrogen bromide (8.4 g, 3 1.1 mmol) in acetic acid 
for 90 minutes. The mixture was then added to a flask containing aqueous sodium bicarbonate 
solution (100 ml) and dichloromethane (75 ml). After 10 minutes of vigorous stirring, the layers 
were separated and the aqueous portion washed with three aliquots of dichloromethane (75 ml 
each). The organic portions were combined and dried over magnesium sulfate. The solvents 
were evaporated, yielding 3.6 g of l-(10-acetoxy-l l-bromoundecanyl)-3,7-dimethylxanthine. 
Without further purification, this resulting bromoacetate was taken up in methanol (25 ml) and 
treated with a solution of sodium methoxide (prepared from 0.28 g, 12.2 mmol sodium, and 25 
ml methanol). After 30 minutes, most of the solvent was removed under reduced pressure and a 
residue extracted with three aliquots of dichlorometiliane (75 ml each). The organic portions 
were combined, dried over magnesium sulfate and concentrated under reduced pressure, 
resulting in an off-white solid. Purification of the off-white solid by column chromatography 
over silica gel using a dichlorometfaane/(3%) methanol eluant produced 2.0 g of 1-(10,11- 
oxidoundecanyl)-3,7-dimeUiylxanthine (57.5% yield). 

A 0.3 1 M solution (8 ml) of nonyhnagnesium bromide (2.50 mmol) in 
tetrahydrofuran was added to a suspension of copper iodide (0.095 g, 0.50 mmol) in 
tetrahydrofiiran (16 ml) at -40 "C and die mixture stirred for 40 minutes at -40 'C. A solution 
(10 ml) of 1-(10,1 l-oxidoundecanyl)-3,7-dimethylxanthine (0.70 g, 2.00 mmol), produced 
above, in dry tetrahydrofuran was added to the mixture and tihie combined mixtiu-e stirred at -40 " 
C for 90 minutes. Hydrochloric acid (10 ml of 1 .0 M) was added to the mixture and a product 
extracted witii two aliquots of dichloromethane (30 ml each). The combined ot^anic phase was 
dried over magnesium sulfate and the solvoit was evaporated, leaving a residue, which was 
subsequently purified by colimm chiomatography using an ethyl acetate eluant, producing a 
white solid, l-(10-hydroxyeicosyl)-3,7-dimethylxanthine (0.25 g, 27% yield). 

Dimetfaylsulfoxide (0.063 ml, 0.82 mmol) and a solution (2 ml) of 1 -(1 0- 
hydroxyeicosyl>3.7-dimethybcanthine (0.135 g, 0.28 nunol), prepared above, in 
dichloromethane were added over a period of 5 minutes to a solution (3 ml) of oxalyl chloride 
(0.036 ml, 0.41 mmol) in dichloromethane at -78 'C. The resulting reaction mixture was stirred 
at -78 "C for 30 minutes, and after addition of triethylamine (0.23 ml, 1 .64 mmol), was allowed 
to wami over 30 minutes to 25 "C. Hydrochloric acid (1.0 M, 10 ml) and dichloromethane (5 
ml) were added to the wanned mixture, the organic phase s^arated and the aqueous phase 
washed with dichloromethane (10 ml). The organic portions were combined, dried over 
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magnesium sulfate, and the solvent evaporated, leaving a slightly yellow solid. Purification by 
chromatography using silica and an ethyl acetate eluant. produced 0. 1 10 g of a white solid, 
compound no. 3525 (85% yield). 

5 Example 9 

This example shows an inhibitive effect of inventive compounds nos, 1595 and 
2510 on murine thymocyte proliferation stimulated by Concanavalin A (ConA) and interleukin-2 
(IL-2), This assay is an in vitro, predictive model of a compound's therapeutic potential in 
treating or preventing autoimmune, immune or inflammtory diseases. Procedurally, thymuses 

10 were obtained from normal female Balb/C mice. The thymuses were dissociated and plated into 
96.well plates at a density of 2 x 105 cells/well. ConA (0.25 mg/ml) and IL-2 (12.5 ng/ml) were 
added to the weUs. Drug was added at various doses two hours prior to activation with ConA 
and IL.2. The cells were incubated for 4 days at 37 *C, On day 4, the cells were pulsed with 
tritiated thymidine and allowed to incubate for an additional 4 hours. Harvested cells were 

15 analyzed for incorporated tritiated thymidine, determined using a Uquid scintillation counter. 
Dose response curves were prepared from the assay results and used to calculate an IC50 value 

for each compound tested. 

Dose response curves figures 1 and 2 iUustrate the inhibitive effects of 
compounds nos. 1595 and 2510, respectively, on proliferation of thymocytes. Background 

20 counts, without addition of representative inventive compounds were slightly above 200 cpm. 
Figure 1 iUustrates an ability of compound no. 1595. representative of aldehyde-substituted 
inventive compounds, to inhibit ConA/IL-2 stimulated proliferation at compound concenttations 
less than 2.5 nM. Similarly. Figure 2 shows that compound no. 2510, representative of ketone- 
substituted inventive compoonds. also inhibits thymocyte proliferation, most noticeably at 

25 compound concentrations less than 20 jiM. These concentrations are within known in vivo 
concentrations useful in treating disease. Experimentally calculated IC50 values for tiie 
inventive compounds nos. 1595 and 2510 in these assays are 8.7 nM and 43 jiM. respectively. 

BltftPlP^g Iff 

30 This example illustrates an ability of inventive compounds nos. 1516. 1526, 1810 

and 2594 to inhibit proliferation of peripheral blood mononuclear cells (PBMC) in response to 
aUogeneic stimulation. TTiis m vi(n> mixed MLR assay is useful in assessing activity of an 
inventive compound. Procedurally. PBMC were obtiuned by drawing whole blood from healthy 
volunteers in a heparinized container, the whole blood samples diluted with an equal volume of 

35 hiTiicK balanced salt solution (HBSS). 
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This mixture was layered on a sucrose density gradient, such as a FicoU- 
Hypaque® gradient (specific gravity 1.08), and centrifuged (1000 x g) for 25 minutes at no 
wanner than room temperature. PBMC were obtained from a band at a plasma-FicoIl interface, 
separated and washed at least twice in a saline solution, such as HBSS. Contaminating red cells 
5 were lysed, for example, by ACK lysis for 1 0 minutes at 37 »C, and the PBMC were washed 
twice in HBSS. The pellet of purified PBMC was resuspended in complete medium, such as 
RPMI 1640 plus 20% human inactivated serum. 

Proliferative response of PBMC to allogeneic stimulation was detennined in a 
two-way MLR perfonned in a 96-well microtiter plate. Approximately 10^ test-purified PBMC 
10 in 200 ^1 complete medium were co-cultured with approximately 1 0* autologous (control 

culture) or allogeneic (stimulated culture) PBMC. Allogeneic cells were from HLA disparate 
individuals. Varying doses of compounds nos. 1516, 1526, 1810 and 2594 were added 
simultaneously upon addition of ceUs to the microtiter plate. The cultures were incubated for 6 
days at 37 »C in a 5% CO2 atmosphere, after which time, tritiated thymidine was added (for 
1 5 example. 1 ^Ci/weU of 40 to 60 Ci/mmole) and proliferative inhibition was assessed by 
determining amount of tritiated thymidine taken up, using liquid scintUlation counting. 

Figures 3, 4, 5 and 6 are plotted graphs of compound concentrations ()nM) v«sus 
incorporated thymidine (cpm). for compounds nos. 1516, 1526, 1810 and 2594, respectively. 
Figure 3 illustrates a most pronounced inhibition of PBMC proliferation. At concentrations less 
20 than 50 jiM, compound no. 1516 noticeably inhibited incorporation of thymidine. Similarly, 
figures 4 and 6 illustrate inhibitive characteristics of inventive compounds nos. 1526 and 2594, 
respectively, in this MLR assay at compound concentrations less than 250 jxM. Figure 5 
aiustiates some inhibition, although to a lesser degree than other compounds tested in this assay. 

^ Example 11 

This example illustrates a mediod for assessing an effect on normal cells of the 
inventive compounds, considered potential cancer therapies. This assay has been used clinically 
to evaluate recovery of patients' marrow following chemotherapy or radiation. In this specific 
example, inventive compound no. 1595 is less deleterious to normal cells in comparison to a 
30 known chemotherapeotic compound. 

Mouse bone marrow cells are usefiil in fliis assiQr because they produce colonies, 
which can later be counted, in culture. The colonies are called colony forming unit-granulocyte 
macrophage (CFU-GM) and depend on a souree of colony stimulating factor for growth. 

Mouse spleen conditioned-medium, at a concentration of 2%, was used in this 
35 assay. The medium and semi-solid culture mix were procurred from Stem Cell Technologies in 
Vancouver BC. In animal studies performed in a related cytoreductive treatment analysis, no 
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CFU-GM were detectable in mouse femoral marrow during immediate days following 5- 
fluorouracil or thiotepa treatment. 

Cells were cultured with a known chemotherapeutic agent or inventive compound 
no. 1595, to comparatively evaluate an effect on normal cells of inventive compounds identified 
as potential cancer therapies. Procedurally, cells were incubated for 8 hours with various 
concentrations of compoimd no. 1595, a representative ketone-substituted compoimd of the 
invention having cancer therapy potential, or vinblastin, a known chemotherapeutic agent. After 
8 hours, the incubated cells were washed thoroughly and a consistant number were subsequently 
plated to obtain CFU-GM. Colonies were permitted to grow for 7 days at 37 ^'C, in 5% C02< 
After 7 days of growth, colony growths were counted microscopically. Data obtained in this 
assay is plotted in figure 7. Figure 7 compares the colonies counted for cells incubated with 
compound no. 1595 and a comparative chemotherapeutic agent. At concentrations ranging fixjm 
5 to 30 fiM, more colonies existed for cells incubated with the inventive potential cancer 
con^und than for cells incubated with vinblastin, suggesting less deleterious effects in cancer 
therapies using the inventive confounds in comparison with conventional treatments. 

Example 12 

This example illustrates an ability of inventive conqKSunds nos. 2591 and 2594 to 
inhibit adherence of specific cells to (HUVEC) stimulated with either IL-1 p or TNFa. 
Abnormal cell-surfece receptor signaling has an important role in aggravating or promoting 
chemotaxis in inmiune, inflammatoty, cancers and other diseases. This adhesion assay is useful 
in showing an ability of an inventive compound to inhibit adhesion of a specific cells induced by 
the signaling phenomoion disclosed herein, and thus in predicting dierapeutic potential of the 

inventive compounds. 

Two days prior to conducting the assay procedure, HUVEC were plated at 4000 
ccUs/wclL After two days, HUVEC were stimulated overnight with IL-lp (20 ng/W 
ng/^)orTNFa(20ng/ml). Cells, chosen fiom among: Juiicat (a huniaxi, acute, leukemia T cell 
line); white blood cell neutrophils; and THP-1 (a human acute monocytic leukemia cell line) 
were prestained with 2,7-bi»K2-<5aiboxyethyl)-5(and-^)carix>xyflouresceii^ ester 
(BCECF— a conqxnmd fliat when cleaved by esterases, yields a flourescrat product, thus 
providing a measure of cell number) and added at 25 0,000 per well in RPMI containing 1 % fetal 
calfscnmL Proper controls were maintained and siniultaneously analyzed, both w^ 
wi&out inventive compound and IL-ip or TNFa. The cells are allowed to adhere for 20 
minutes at 37 X, after wMch time, the plate is inverted and spun at 800 rpni. Thewellsare 
washed once with PBS and resuspended in 100 jil PBS prior to reading fluorescence on a 
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Millipore fluorescence plate reader. Data is recorded as percent adherence (Juikat, Neutrophil 
THP-1 cells to HUVEC) at selected concentrations of compounds nos. 2591 or 2594. 

Figures 8, 9, 10, 1 1 and 12 report plotted results of data obtained in this assay. 
Figure 8 represents experimentally determined effects of compound no. 2591 on percent 
adherence of Jurkat ceUs to TNFa-stimulated HUVEC. Figure 9 corresponds to data obtained 
for compound no. 2591 on adherence of TEIP-I cells to TNFa-stimulated HUVEC. Figure 10 
illustrates an ability of compound no. 2594 to inhibit adherence of THP-1 cells to TNFa- 
stimulated HUVEC and figures 1 1 and 12 represent an ability of compound no. 2591 to inhibit 
THP-1 and neutrophil cell adherence to IL-lp stimulated HUVEC, respectively. In all assay 
conditions, the representative, inventive compounds inhibit adherence at compound 
concentrations less than 10 ^M, suggesting that the compounds tested, as representatives of all 
inventive compounds, possess therapeutic potential in diseases exhibiting characteristics of this 
signaling phenomenon. 



Eiamnle 13 

This example illustrates that inventive compound no. 2591 inhibits surface 
expression of specific surface receptors. SpecificaUy, compound activity was measured by 
determining levels of intracelluar adhesion molecule-aCAM) or vascular cell adhesion molecule 
(VCAM) in stimulated nomial cells. Eariy passage HUVEC-obtained from commercial 
suppliers such as Cell Systems, Inc. or Clonetics-were cultured in media containing 10% fetal 
bovine serum, and stimulated with TNFa or IL-lp (20 ng/ml). The cells were plated into wells 
of a microtiter plate (e.g., 5 x 104 per well) and allowed to incubate at 37 *C for 20 hours. The 
resting cells were removed, washed in media with a phosphate-buffered saline plus 0.1% bovine 
serum albumin and 0.01% sodium azide and labeled on ice with a monoclonal antibody ("first 
antibody") recognizing either ICAM or VCAM After 60 minutes on ice. the ceUs were washed 
with cold wash media aind incubated with an antibody that recognizes the first antibody (1 ^g of 
goat anti-mouse IgG conjugated with phycoeiythiin recognizing the monoclonal antibody for 
VCAM, and goat anti-mouse antibo<fy conjugated to fluorescein-isodiiocyanate (FTTC) 
recognizing the monoclonal antibody fijr ICAM). After 30 minutes on ice, the cells were 
washed twice and analyzed on a flow cytometer (Coulter Elite®) at appropriate emission and 
excitation wavelmgdis to determine mean fluorescence intensity, correlating to ICAM or VCAM 
expression. 

Figures 13, 14, 15 and 16 report % surface expression of ICAM or VCAM as a 
fimction of mean fluorescence intensity versus concentration of inventive compound. Figures 13 
and 14 illustrate that inventive compound no. 2591 inhibits surface expression of VCAM in 
normal HUVEC stimulated with 20 ng/ml of TNFa and IL-lp, respectively. Figures 15 and 16 
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rq>ort that inventive compound no. 2591 inhibits surfoce expression of ICAM in normal 
HUVEC stimulated with 20 ng/ml of TNFa and IL-lp, respectively. The data in these figures 
suggests that the tested compoimd, representative of compounds of the invention, at 
concentrations less than 10 ^iM interfere with ICAM and VCAM receptor signaling mechanisms 
* 5 and thus would be useful in treating or preventing diseases characterized by these or a similar 
mechanism. 

Example 14 

This example illustrates inhibitive eflFects of the inventive compounds on 

10 Balb/3T3 cell proliferation in response to platelet derived growth factor (PDGF) stimulation. 

Disregulated PDGF-proliferative response has been linked to a variety of 
diseases, including, e.g., restenosis, atherosclerosis, fibrosis, and tumor cell angiogenesis. 
Balb/3T3 cells respond vigorously to PDGF stimulation, and are useful in vitro models for 
fiirther study of PDGF-induced proliferation. In an assay useful in determining whether a 

15 conq>ound would be useful in treating diseases characterized by this or similar disregulated 

proliferative responses, research indicates that the inventive compounds inhibit PDGF-induced 
proliferationofBalb/3T3 cells. 

Balb/3T3 cells were plated in low serum-containing medium for 24 hours prior to 
stimulation with various concentrations of inventive compound no. 35 10. PDGF was added at 

20 varying concentrations along with tritiated thymidine. The cells were allowed to incubate for 
one day, following addition of PDGF and thymidine. 24 hours later, the cells were harvested 
and counted by liquid scintillation counting. Figure 17 reports data obtained in this proliferation 
assay. The results illxistrate that conq)ound no. 35 10 inhibits proliferation of Balb/3T3 cells ^ 
stimulated by PDGF at ccmcentrations less than 30 viM, indicating that the inventive compounds 

25 are candidates for treating or preventing restenosis, adierosclerosis, fibrosis, tumor cell 
angiogenesis and other similar diseases. 

In coigunction with the Balb/3t3 proliferation assay, a rehited viability assay was 
conducted to assess tiie cytotoxicity of compounds i^ch inhibit proliferation in this sy stenL 
The assay protocol was identical to tiiat performed above except that tritiated thymidine was not 

30 added after flie 24 hour incubation with PDGF. Subsequent to incubation, a 10 >iM solution of 
BCECF was added and Ae cells incubated for 30 minutes at 37 Following fliis incubation, 
BCECF was rq)laced wifli PBS and the plate read for flourescence in a Millipore 
cytofluorometer. Data obtained was plotted as a perc«t of control versus concentration of 
inventive compound tested. Figure 18 represmtstfie results of ^ viability assay. The 

35 compound tested, representative of compounds of the invention, was not cytotoxic to any cells 
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(as compared with a control value of 100 %) at concentrations shown in figure 17 to inhibit 
proliferation. 

~ Example IS 

This example illustrates the inventive compounds nos. 1595, 2510, 2524 and 
35 1 0 inhibit LPS-induced TNF release in whole human blood. 

Whole blood was collected from a healthy human donor into vacutaincr tubes 
containing ACD citrate as anti-coagulant. The compounds tested were diluted in RPMI medium 
and 5^1 of the dilute concentrations placed in tubes containing 225 ^1 of whole blood. The tubes 
were mixed and incubated for no more than Ihour at 37 'C. LPS Sahnonella abortus equi 
(commercially available ftom Sigma) is diluted in RPMI and the dilute samples added to the 
whole blood/compound samples at 20 jil per tube (lOng/ml final concentration). The tubes are 
again mixed and incubated for an additional 4-6 hours at 37 'C. Activity is stopped by adding 
750 ^l of RPMI to each tube, centrifixging and removing the cells. Supematants are collected 
and stored overnight at 4 »C. The si^ematant samples are assayed for TNF release using 
immunoassay kits (available commercially firom Biosource International, Camarillo, CA). 

Data collected and reported was plotted as percent inhibition (of a control at 
100%) versus concentration of compound tested. A compound showing 0% is not inhibiting 
LPS-induced TNF release, while a compound showing 40% is inhibiting 40% of the maximum, 
control LPS response. Figure 19 reports these results for compounds nos. 1595, 25 10, 2524 and 
3510. Each compound tested inhibited TNF release up to 60% (compound no. 1595) at 
concentrations less than 50 jiM and between 20 and 35% (compounds nos. 1595, 25 10 and 
35 10) at 10 mM. These data indicate the inventive compounds potential therapeutic agents for 
treating or preventing diseases mediated by inhibiting or preventing TNF secretion. 

Comnarartve FTfltnp^A ^ 
This example illustrates a conq>arative analysis of inventive confound no: 1516 
and comparative compounds 1505, l-(5-oxohexyl)-3-methylxanthine (M6), and 1537, l-(5- 
oxohexyI)-3,7-<Jimethylxanthine (PTX). In the murine thymocyte assay of example 9, dose 
response curves were prq)ared for each of the conq)arative conqwunds and inventive compound 
no. 1516. Figure 20a rqwrts results obtained in this assay for the comparative compounds. As 
shown in from these data, the comparative compoundsiiave e]q)erimentally detenhined IC50 
values of 59 and 100 fiM (1505 and 1537. respectively), with no marked increase in inhibition of 
thymocyte proliferation at higher concentrations. In sharp contrast, invoitive compound no. 
15 16. a kctone-containing compound, exhibited a five-fold decrease in IC50 value (12 nM) &om 
those reported for comparative compounds. Results obtained firan a murine thymocyte assay 
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with inventive compound no. 1516 are shown in figure 20b. In view of the results obtained with 
comparative compounds, the superior inhibition of the inventive compound in this an other 
predictive assays would not have been expected. 
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10 



What is claimed is: 

^ • ^ therapeutic compound, including resolved enanti mers and/or 
diastereomcrs, hydrates, salts, solvates and mixtures thereof, having the formula: 

CORE MOIETY (R)^ 

iK^erein: 

j is an integer from one to three: 

^^^^'^^^we^ is a heterocycUc moiety having from one to three, five- to six- 
membered nng structures; and 

R may be selected fitnn the gioup consisting of hydrogen, halogen, hydroxyl 
ammo, substituted or unsubstituted C(,.,o) alkyl, C(2.,o) alkenyl, cyclic or heterocycHc groups 
and formula I: f » 

— (CH,)__~C-(R,) I 

15 at least one R having formula I, wherein: 

n is an integer frcmi three to twenty; 
p is two or three: 

Rl is selected from the group consisting of hydrogen, halogen, hydroxyl 
substituted or unsubstimted C(,.,o) alkyl, q,.,©) alkoxyl, C(2.io) alkenyl, cyclic or ' 
heterocycUc group. =0, -(CH2)s-C(R2)t, s being zero or an integer fiom one to ten. t being two 
or three. R2 being hydrogen, halogen, hydroxy!, substituted or unsubstituted C(,.io) alkyl, Qi 

10) alkoxyU C(2- 10) alkenyl, cycUc or heterocyclic group, or =0; 
at least one R] or <me R2 is »0; and 

a second Rl or second R2. bonded to the same, respective -C as the at least one 
25 Rl oroneR2. isotfaerthansOorl^droxide. 

with the proviso that when the core moiety is a xantfainyl or xanthinyl derivative 
a total number of caibon atoms between the xanthmyl and the «0 of Rj or Rj is not less than ' 
eight 

2. The conqx>und according to claim 1. wherein at least one of (CH2)n or 
30 (CH2)s is substituted by a hydrogen or halogen atom, or a hydroxyl. substituted or unsubstituted 

C(1.10) alkyU C(i.,o) alkoxyU C(2-io) alkenyl. cyclic or heterocyclic group. 

3. The compound according to claim 1, wherein n is an integer fiom eight to 

eighteen. 



20 
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4. The compound accoiding to claim 1, wherein n is an integer from ten to 

eighteen. 

5. The compound according to claim 1, wherein p is two; one Ri of -C(Ri)2 
is =0; and the second Ri is selected from the group consisting of hydrogen, a C(i.io) alkyl, a 
halo-Jubstituted C(i.io) alkyl. and a substituted or unsubstituted C(i.io) alkoxyl. 

6 . The compound according to claim 1 , wherein the substituted C( i . i o) 
alkyl, C(i.io) alkoxylalkyl, €(2-10) alkenyl, cyclic or heterocyclic substituent is selected ftom 
the gioup consisting of amido, amino, branched or unbianched 0(2-8) alkenyl or C(i.8) alkyl, 
azido, caibonato, carbonyl, carboxyl, cyano, C(i.8) haloalkyl, isocyano, isothiocyano, phospho, 
phosphonato, primary, secondary or tertiary hydroxyl. sulfonate, sulfonyl. sulfoxyl, thioamido, 
thiocarbonato, thionato, thiohiato, thiol, thioureido and ureido. 

7. The compound according to claim 6. wherein the C(i.8) haloalkyl 

substituent is a mono-, di- or tri-substimted haloalkyl. 

8. The compound according to claim 6, wherein the primary, secondary or 
tertiary hydroxyl is selected ftom the group consisting of methanol, butanol. l-cyclopentanol, 
ethanol 2-ethyl-3-methyl-l-propanol, pentanol, propanol and methylcyclohexanol. 

9. The compound according to claim 1 . wherein the R, Ri or R2 cyclic 
group is selected from the group consisting of anthracenyl, bicyclo[4.4.0]decanyl. 
bicyclo[2.2.1]heptanyl, bicyclo[3.2.0]hcptanyl, bicyclo[4.1.0]heptanyl, bicylo[2.2.1]hexanyl, 
bicyclo[43.0]nonanyl, bicyclo[2.2.2]octanyl. biphenyl, cyclopentadienyl. cyclopentanyl, 
cyclobutanyl, cyclobutenyl, cycloheptanyl, cycloheianyl, cyclooctanyl and cyclopropanyl, 1,2- 
diphenylethanyl, fluorenyl, indenyl, hydroxyphenyl, quinonyl, terphenyl, napthalenyl, 

phenanthrenyl, terphenyl, toluenyl and xylenyl. 

10. The compound according to claim 1 , wherein the R, Ri or R2 heterocyclic 
group is selected from the group consisting of azetidinyl. benzofiiranyl, benzothiophenyl, 
caibazolyl, funmyU glutarimidyl. indolyl. isoquinoliiyU oxazolyl. oxetanyU oxiranyl, 
pytroUdinyU pynmyU pipcridinyl. pyridinyU pyrrolyl. quinolinyl, tetrahydrofiiranyl. 

tetrahydropyianyl, tctrahydrothiophenyl and thiophenyl. 

11. The compound acconJing to claim 1, wherein the heterocyclic core is 

selected from the group consisting of substituted or unsubstituted baibituiyl; benzamidyl; 
glutarimidyl; homophthalimidyl; hydrophthalimidyl; imidazolyU indomethacinyl; isocarbostyryl; 
lumazinyl; N-alkylhctetocyclic; N-heterocycUc; pteridinyl; phthalimidyl; pipcridinyl; pyndmyl; 
pyrimidinyl; pyirolyl; quatemized N-heterocyclic; quinolizinedionyl; quinazolinonyl; qumohnyl; 
recorsinolyl; succinimidyl; theobrominyl; thyminyl; triazinyl; uric acid; uracyl; vitamms A, E or 
35 K and xanthinyl. 
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12, The compound according to claim 1 , wherein the compound is selected 
from the group consisting of formulas II, III and IV: 



5 
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13. The compound according to claim 1, wherein the compound is selected 



from: 



10 




o o 



o 



4v 

^1 — ^^:i^>" 



9 CH« 
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14. A phannaceutical composition comprising a compound of claim 1 and a 
5 suitable carrier, diluent or excipient. 

15. The pharmaceutical composition of claim 14, wherein the composition is 
formulated for parenteral, topical or oral administration or for inhalation. 

1 6. A method of synthesizing a compound of claim 1 , comprising the steps of: 
preparing an intermediate olefinic product; 

10 converting the intermediate olefinic product to a primary or secondary alcohol: and 

reacting the primaiy or secondary alcohol to obtain the compoimd of claim 1 . 

1 7. The method of claim 16, wherein converting the intermediate olefinic product to 
a primary or secondary alcohol comprises: 

reacting the intermediate olefinic product with a hydroborating agent to obtain a borane 
15 derivative and converting the borane derivative to a primaiy or secondary alcohol; or 

reacting the intemiediate olefinic product converted to obaia a corresponding diol, 
converting the diol to a haloester, and preparing an intermediate epoxide product from the haloester and 
subsequently reacting the intermediate epoxide product to form the secondary alcohol; or 

reacting the intermediate olefinic product with an organic peracid to obtain an 
20 intermediate epoxide product directly, and subsequently reacting the intermediate epoxide 
product to fonn the secondary alcohoL 

1 8. The method of claim 1 6, wherein reacting the primary or secondary 
alcohol con^mses converting an hydroxyl functional group to the corresponding aldehyde or 
ketone functional gcotq) by treating tiie primaiy or secondary alcohol with a suitable oxidizing 

25 agent 

19. A method for treating or preventing acute and chronic inflammatoiy 
diseases, AIDS and AIDS related con^)lex, alcoholic iiepatitis, allergies due to degranulation of 
mast cells and basophils, angiogenesis, asthma, atherosclerosis, autoimmune thyroiditis, 
coronaiy artery disease, glomerula nephritis, hairloss or baldness, HTV-associated dementia, 

30 inflammatory bowel disease, insulin dependent diabetes mellitus, lupus, malignancies, multiple 
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sclerosis, myelogenous leukemia, organ or hematopoietic in response to cytotoxic therapy, 
osteoarthritis, osteoporosis, peridontal disease, premature labor secondary to uterine infection, 
psoriasis, restenosis, rheumatoid arthritis, sleep disorders, septic shock, sepsis syndrome, 
scleroderma, stroke-and transplant rejection in a mammal in need of such treatment, comprising 
administering an effective amount of a compound the compound of claim 1 . 
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A. CLASSIFICATION OF SUBJECT MATTER- 
IPC (6): 



C07D 473/04. 239/54. 211/88. 239/96; A61K 31/52. 31/505. 31/445 

BOX I. OBSERVATIONS WHERE CLAIMS WERE FOUND UNSEARCHABLE 
2. Where no meaningful aerch could be carried out. .pecincaUy: 

extent that they embrace the .pecies of clabn 13. * ™ '"'^ "* examined only to the 
The compounds of claim 1 have a "core moiety* to which it ti^rh^ i ^ d ^ 

cycUc-. which coven everything. Even mo« de,^^1ui„?.?c?^J'Lt*?oTef ^ T^^^ " ''^'"^ 

require it. Thus. cUim 1 1 defmes a vast panapoWof^cl^^^TTi. V ""^ «*°'''**' do not 

require that the co« be cyclic. CUim l2^^rZ.l^JlT'T T » > "ot 
R is too broad to be effective searched. L ^smXtJe "me ^oT ^ ^'^'^ 

require that R be -cyclic or hete^^ycUc-. since^tiL^ ^2 ;^iuT: J!:'::\^^^^^^ ''^ - 

?h°ir.Lrnf mXr.l=^^^^ —NO 

Group I 

?iS7M*";;r^'"""*'* use for acute inflammatory disease. CUssified in 



Group II 

Claims 1-15, compounds with quinazolinc core, 544A285. 
Group III 

Claims 1.15, compounds with glutarimidc core, 546/219, 
Group rv 

Claims 1-29. compounds with uracil core, 544/309. 
Group V 

Use for AIDS or ARC, 514/vtrious. 
Group VI 

Use for tlcohoUc hepatitis, 514/various. 
Group VII 

Use for allergies due to degranulation of mast cell, and basophils, 514/various. 
Group Vm 

Use for angiogenesu, 514/vmrious. 
Group IX 

Use for asthma. 514/various. 
Group X 

Use for atherosclerosis, 514/various. 
Group XI 

Use for autoimmune thyroiditis, 514/various. 
Group XII 

Use f r coronary anery disease. 514/various. 
Group XIII 
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Vtc for glomeruU nephritis, 514/vtrious* 




Group XIV 

Use for hair loss r baldness. 514/vanous. 




Group XV 

Use for HlV-associate^ dementia, 514/various. 




Group XVI 

Use for IBO, 514/various. 




Group XVII 

Use for insulin dependent diabetes mellitus, 514/vanou8. 




Group XVni 

Use for lupus, 514/various. 




Group XIX 

Use for m&lignancies, SU/various. 




Group XX 

Use for MS. 514/various. 




Group XXI 

Use for myelogenous leukemiA, 514/vanous. 




Group XXII 

Use for organ response to cytotoxic therapy, 514/various. 


• 


Group XXIII 

Use for hematopoietic response to cytotoxic therapy, 514/various. 




Group XXIV 

Use for osteoarthritis, 514/various. 




Group XXV 

Use for osteoporosis, 514/various. 




Group XXVI 

Use for peridonul disease, 514/varioua. 




Group XXVn 

Use for premature labor secondary to uterine infection, 514/various. 




Group XXVIII 

Use for psoriasis, 514/various. 




Group XXDC 

Use for restenosis, 514/various. 




GrotipXXX . " 
Use for rheumatoid arthritis, 514/various. 




Group XXXI 

Use f r sleep disorders, 514/various. 




Group XXXII 

Use for septic shock or sepsis syndrome, 514/various. 




Group XXXIIl 

Use for Mleroderma, 514/variou|. 
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Group XXXrV 

Use for stroke, 514/variouj. - / 

Group XXXV 

Use for transplant rejection* 514/various. 
Group XXXIV 

Use for chronic Inflammatory Disease, 514/various. 

The compound groups MMII-IV arc clearly structurally distinct as seen by their markedly different cores. Group I is 
d(stmctive in having 2 heterocyclic rings; Group til is distinctive in having a 6 membered ring with only one 
heteroatom; Group 11 is distinctive in having a fused benioring. The differing utilities are distinct because they involve 
different diseases, different types of origins, and* different parts of the body. For example, some arise as a result of 
bacteria (sepsts) some from a vims (AIDS) and some not from an infectious agent (coronary artery disease) They 
involve different parts of the body, e.g. brain (stroke). Uvcr (alcoholic hepatitis), intestines OBD). skin (psoriasis), an?/ 
others. Some are cancers (malignancies) and some are considered extrtmely difHcult or impossible to treat (MIX' ' 
dementia, sepsis, OF), and others are more amenable (asthma). 

Applicants should thus note that ri\c search u aone m ihc claim 13 species, their preparation, and use for acute 
inflammatory diseati*. 



